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ADVERTISEMENT 



TO THE 



FRENCH EDITION- 



The translation of this little work, which is in- 
scribed at the end of the 12th volume of Ber- 
zelius's Elementary Chemistry, was made for a 
particular purpose. The translator has, however, 
been induced to publish it, both to gratify the de- 
sire of many of his acquaintance, and because he 
was himself convinced, that a treatise of this kind, 
short though it be, could not fail to be interesting, 
coming from a philosopher who has so much con- 
tributed to give perfection not only to analysis, 
but also to chemistry in general ; for there are 
few branches of science that he has not elucidated 
by his researches, or extended by his labours. 
And though his countryman Scheel has rendered 
himself illustrious by showing what genius, com- 
bating against fate, could effect with small means, 
Berzelius has displayed in its full extent, the ex- 
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ample of what genius can effect under favourable 
circumstances. 

The notes which are added to this translation 
relate, for the most part, to subjects of which the 
author has spoken with great brevity ; because he 
had treated of them more at length in the body 
of the work. 

The general rules for ascertaining the different 
salts, that are placed at the end of the analysis, 
are extracted from the second volume of the 
Chemistry, as printed in the edition of 1826. 

This addition was ahnost indispensable, be- 
cause the author is exceedingly brief on this sub- 
ject in the article on analysis ; and he has himself 
stated that these rules are most important in ana- 
lytical researches. 
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DIRECTIONS 

FOR THE 

ANALYSIS 

OF 

INORGANIC BODIES. 



In the class of inorganic bodies, I arrange alF 
those that are not formed by animals and vegeta- 
bles, and that do not result from their destruc- 
tion by fire, putrefaction, or the action of acids, 
alkalies, &c. I comprehend under the term, the 
fossils, properly so called, the mmeral waters, and 
the artificial products of bodies whose origin is 
not organic. — Chemical analysis tends at once to 
prove the knowledge, the judgment, and exacti- 
tude of the chemist. He must determine what 
those bodies are of which the substance he wishes 
to examine is composed, as well as the propor- 
tions in which they exist. Analysis is then of 
two kinds, qualitative and quantitative ; and the 
former ought in every examination to precede the 
latter, since it is impossible to choose the best 

B 



2 ANALYSIS OF 

mode of ascertaining the proportions of the con- 
stituent principles of a compound before the 
nature of those principles is known* 

The substances to be submitted to anal)rtical 
research may present themselves under different 
forms ; that is to say, they may be solid, liquid, or 
aeriform; and the analytical process will be dif- 
ferent for each of these states of aggregation. 

ON THE ANALYSIS OF SOLID BODIES. 

The first thing to be done in the analysis of a 
solid body is to determine the quantity of water 
or volatile matters that it contains. The greater 
number of minerals contain a small quantity of 
water, foreign to their composition, which fills 
their interstices, and proceeds firom the water 
which infiltrates into the interior of soils : it is for 
this reason that the fi:acture of a mineral is always 
found humid when it is first broken. Many 
crystallised minerals contain water of crystallisa- 
tion ; others, on the contrary, contain only inter- 
posed water, which produces the phenomenon of 
decrepitation when heated suddenly; lastly, some 
very porous earthy bodies, and some very soft 
minerals, often contain hygrometric moisture, 
which has been absorbed in the same manner that 
coal absorbs air and water. If the quantity of 
water is not ascertained, it disappears during the 
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analysis, and a loss is sustained, for which no caiisH | 
can be assigned. 

A fossil may contain, besides water, other vola- 
tile bodies, generally carbonic acid, sometimes ihe 
hydrofluoric acid, or hydrochloric acid, and some- 
times arsenious acid, or oxygen in excess ; occa- 
sionally also it may oxidize more during the nnai* I 
lysis. In all cases it is proper to calcine the mi'^ 
neral in a retort furnished with a tubular receiver, 
the bore of which receives a curved tube, which 
conducts the gas under receivers filled with mer- 
cury. To make these examinations, little porce- 
lain retorts are generally employed, which call*l 
bear a high temperature. When none of this s 
are to be had, little glass retorts, which may I 
self-blown with the least fusible glass, may I 
used : these little retorts can be employed when 
the examination is made at a moderate heat, sucff 
as that from the spirit lamp. 

The retort is now balanced, and the substance' 
for analysis is then placed in it, either entire or 
in powder, according to circumstances, and is 
weighed. In this way the loss is avoided, which 
would necessarily take place if the jjowder were 
weighed first and then placed in the retort. The 
neck of the retort is next adapted to the receiver, 
and a tube of caoutchouc is used for this purpose, 
without jointure, such as is obtained by cutting 
the necks of common caoutchouc bottles : it is by 
B 2 



4 ANALYSIS OF 

this means only that the presence of water pro- 
ceeding from the corks or from the lute into the 
receiver can be avoided. The belly of the retort 
is placed in a little crucible, surroun4ed with sand, 
and heated by degrees to redness. When retorts 
of porcelain are used, they can be heated at once 
over the naked fire or in little draught furnaces. 
When the mass in the retort is in a state of igni- 
tion the heat may be lessened, if no gas disen- 
gages itself:, in the contrary case, it is proper to 
continue to heat it as long as any thing is given 
off. The apparatus being cooled, a little water is 
generally found in the neck of the retort, which 
may be raised either with a piece of bibulous paper 
fixed to the end of an iron wire, or by heating the 
retort, and introducing a glass tube into the neck 
through which suction may be practised : in this 
manner the water soon evaporates. It is proper 
also to take this precaution before the experiment 
is begun, in order to be sure that the retort is 
perfectly dry. In deducting the new weights of 
the retort and its contents from the weights ob- 
tained before the calcination, the loss that the mat- 
ter has sustained by the ignition is ascertained. 

Many minerals, such as the augite, give forth 
some drops of an acid liquor which contains hy- 
drofluoric acid : in this case there remaiijs, after 
the evaporation of the water, a residue of silex 
upon the glass; and the liquor turns paper tinged 
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by Brazil wood of a yellow colour. Sometimes 
the acid contained in the water is the fluoboric : 
in this case it does not affect the glass, aiid the 
Brazil-wood paper becomes first yellow, but nc- 
quires, after drj'ing, a white colour iii the place 
touched by the liquor. It is to be understood 
that if aiiy other substance besides water distils, 
it is to be examined according to the rules that T. 
shall establish. ■ 

After determining the water and other volatile ] 
bodies contained in a solid, the analysis is con- 
tinned by dissolving this body. This is effected 
by either treating it immediately with an acid, or 
when that does not act, by calcining it with an 
alkali: by this calcination the combination at first 
insoluble is destroyed, and the property of being 
soluble in acids is acquired. 

Hydrochloric acid is generally employed, or else 
a mixture of hydrochloric and nitric acids, the 
operation being carried on in a glass matrass by 
raising the temperature gradually to ebullition. 
1"he matrass is laid upon a sand bath, wliere it is 
inclhied in such a way as to form an angle of 
somewhat less than 45° with the surface of the 
bath ; in this way all the loss which might occur 
from effervescence or projection is avoided. The 
richer the glass is in silex and the poorer in oxide 
of lead, or, in other words, the more diflicult it is 
of fusion, the better is it adapted for these experi- 
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ments. It often happens that the glass becomes 
decomposed by the acids, while digesting the sub- 
stances placed in it; and the best test that the 
glass can be submitted to, is to boil some sul- 
phuric or concentrated nitric acid in it for some 
hours. If on washing the glass afterwards it is 
found to have lost its transparency, it may be con- 
cluded that it has been strongly attacked : if it be 
transparent whilst it is wet, but when it becomes 
dry looses its transparency at tlie place where it 
has been touched by the acid, it is less attacked 
than in the preceding case. Still, however, it 
ouffht not to be used in analvsis. When there is 
no necessity to act on the mineral with aqua-regia 
it is best to form the solution in a platina crucible 
furnished with a cover having turned edges, 
taking care that the substances contained in the 
mineral cannot act on the crucible.* 

* When platina crucibles are used, M. Berzdius gives the 
following precautions : — 

1st. Not to treat mixtures in th^m that can disengage 
chlorine. 

2d. Not to fuse nitre, potassa, or soda (caustic) in them, 
as in this case there will be a formation of the protoxide of 
platina even without contact of the external air. This 
protoxide dissolves with a green colour in the alkali. 

3d. Not to calcine mixtures in them that may leave a 
metallic residue; for example, the organico-metallic salts, 
nor mixtures that can give out phosphorus. In the former 
case an alloy forms, in the latter, a phosphuret ; and in both 
cases the crucible will be attacked by the acids. 
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Aqita-regia should generally be employed when 
the substance for examination contains priiicipleft 
that for solution require in the first place to b© 
oxidised. The substances that are not dissolved 
by repeated digestion in acids are sllex, or por- 
tions of compound matter accidentally found in it. 

The matter for analysis should be well pul- 
verised : the complete decomposition often de- 
pends on this pulverisation. Very hard sub- 
stances, such as minerals, are wrapped in paper, 
and broken on an anvil with a hammer : the 



4th. When some metallic oxides are calcined, wh( 
for oxygen b leas powerlkl, (oxides of lead, bismuth, copper, 
cobalt, nickel, aatisiony, 8cc.} care must be taken 
the temperature to incipient whiteness ; for although these 
oxides may be undecomposable of themselves, their reduc- 
tion may nevertheless take place on account of the affinity 
which th^r metals possess for platina. It is true, that in 
heating the crucible, and treating it repeatedly with acid, 
the strange metals may be removed, but the internal parts of 
the vessel will in this way become porous, and it ought to 
be considered as spoiled. 

5th. In strong and protracted calcinations it is proper to 
preserve the crucible as much as possible from the contact 
of coals, &c. : if this be not done, the platina combines under 
the united influence of coal and cinders with gradually in- 
creasing quantities of silex, and after some years' service it 
becomes brittle and cracked. 

The fissures in platina crucibles can be filled with gold; 
but such crucibles do not bear so high a temperature as 
those which are perfect. 
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pieces so obtained are to be pulverised in calce- 
dony or flint mortars, after which the powder is 
to be triturated on a slab of the same substance^ 
and the fine powder is to be separated by decan- 
tation from those particles which are not as yet 
sufficiently triturated. A porphyry mortar may 
be used instead of calcedony ; but this stone is 
less solid, and frequently allows particles to be 
rubbed from it into the powder. It is generally 
recommended to weigh the mineral before and 
after the pulverization, and to calculate from the 
augmentation of weight how much it has gained 
from the mortar; but this method, simple as it 
appears, is quite impracticable ; for when tritura- 
tion has been performed under water, in order ta 
avoid the dispersion of the, powder, the utmost 
difficulty is encountered when an attempt is made 
to remove and weigh it, so as to be able to draw 
any conclusion from it 

It would, perhaps, be easier to calculate the loss 
of the mortar by its weight before and after the 
pulverization ; but the difference of weight ob- 
tained is seldom sufficiently great to render this 
precaution a real advantage. 

The powder is heated to redness m a counter- 
poised platina crucible to drive off the hygrometric 
moisture, and to dissipate the dust which may have 
fkUen from the clothes into the mixture during 
the long-continued pulverization. The powder is 
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weighed in a glass capsule before it has time to 
acquire weight from the absorption of atmo- 
spherical humidity. It is to be remembered 
that in weighing any substance it should not be 
removed from a cold into a warmer room, for 
it will of course become heavier by absorbing 
water : these are trifles which we pass over, but 
which in an exact analysis deserve the greatest 
attention. 

The compounds for examination result either 
from the combination of combustible or oxygenated 
bodies. I shall speak first of the latter class, since 
the combustibles should be oxygenated prior to 
being analysed. Substances soluble in acids are 
weighed in the vessels which are used for their 
solution ; for it is hardly possible to remove a dry 
powder without its sustaining a greater or less 
loss : the acid is now added. 

Some substances that before calcination were 
very soluble in acids lose this property by the 
process : we find it so, for example, with the bi and 
tri silicates of lime and alumina when Iiydrated. 
When bodies are acted on that possess these pro- 
perties a portion is employed to determine the 
quantity of water present, and another to dissolve 
in acid and continue the ulterior analysis. 

The calcination nf bodies that are insoluble in 
acids is performed thus; — The powder being suf- 
ficiently triturated is placed in a platina crucible 
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>!idth carbq^iate of potassa reduced to a fine powder. 
To make the mixture a glass tube se^ed 9.t the 
extremity if used: die mixture beipg properly 
made, -^ich requires much time, the tube is dried 
in a small portion (^ csurbonate of potassa, which 
is afterwards to be thrown into the crucible* 

The quantity of carbonate of potassa to be em-* 
ployed varies according to the nature of tjiie Sjab- 
stance: generally from three to five times the 
weight of the mineral may be used. 

The crucible is covered and exposed to a gentlje 
heat, which ought to be raised just to the fusion 
of the mass if it can be so managed : if it bjB 
heated too quickly, so that the fusion takes place 
suddenly, the ebullition produced by the dis^j^ 
gagement of carbonic acid gas will project out 
some particles between the crucible and coverlid ; 
then the process must begin again« A calcination 
kept up for one hour often suffices. Many minerals 
resist the action of carbonate of potassa, and can 
only be attacked by calcination with the alkali in 
the caustic state. All those that contain zirconia, 
columbic acid, or oxide of tin, are so circum- 
stanced: they are the more difficult to be acted 
upon the greater the quantity of these sub- 
stances which they contain. In these cases it is 
proper to use a silver crucible : the mineral pow- 
der, weighed, is first placed in it, then four or six 
times its weight of hydrate of potassa is added. 
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This operation requires a great deal of caution; 
for hydrate of potassa fuses easily, and the extri- 
cation of water causes a strong ebullition, by which 
a part of the fused mass may be cast out It is 
then proper that the crucible should be covered 
with a lid that is hollowed out so as to give it a 
convex form. 

The calcination proceeds best over a spirit 
lamp furnished with a circular wick, and a small 
iron plate chimney. By this arrangement an 
easily governed and sufficient heat is obtained ; 
and there is no cause to tear that the crucible will 
be fused by too liigh a temperature. The ebulli- 
tion having ceased, the heat is raised to redness, 
and is thus continued for at least an hour. 

This calcination being hnished, the crucible ia 
left to cool, and the mass is then dissolved in di- 
luted hydrochloric acid. The extraction of the 
mass from the crucible is easily performed : when 
carbonate of potassa is used there is no difficulty. 
The crucible is to be tunied over a glass vessel 
of convenient size, and the mouth of the crucible 
is to be pressed lightly, so that the compression 
may not exceed the elasticity of the metal : the 
msas then detaches itself and falls into the gli 
that which remains in the crucible is removed by 
means of diluted hydrochloric acid, and added 
the saline masswhich is ui the glass vessel. Water 
is next thrown in; and the vessel is covered with 
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hollowed disc of glass having the form of a watch 
glass. 

So much hydrochloric acid is added that no 
part of the mass remains imdissolved ; and when 
all. eifervescence has ceased it is to be heated 
gradually to drive oflPthe carbonic acid entirely; 
for this gas will produce an ebuUition by disengage- 
ing itself during the evaporation, which will occa- 
sion a loss. 

When the decomposition is completed, the solu- 
tion is transparent, and nothing remains undis- 
solved, unless it be Ught fiiocculi resembling newly 
precipitated matter. If, on the contrary, part of the 
mineral has escaped decomposition it will remain 
at the bottom of the vessel, and when stirred with 
a glass rod it will communicate to the touch the 
same sensation as very fine sand : it is then neces- 
sary to recommence the operation with another 
portion of material. This generally happens when 
the substance has not been sufficiently triturated, 
as well as when in treating with water sufficient 
care has not been taken so that some of the less 
perfectly pulverised particles remain among the 
fine decanted powder. 

When the calcination has been made with 
caustic potasssa the mass cannot be raised firom 
the crucible. The external part of the crucible 
is then cleaned, and is placed in a porcelain cap- 
sule, so that those particles which are scattered 
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by the effervescence collect in it. An excess of 
hydrochloric acid is added, so that the mass may 
be perfectly dissolved. The parts insoluble in 
the acid are generally portions of mineral imacted 
on. It is proper to submit these to a new calcina- 
tion, so that no parts remain incapable of being 
attacked by the acids. With the crystallised 
minerals containing alumina, it oflen happens that 
after three or four calcinations insoluble matters 
still remain, which it is necessary to submit to a 
new calcination. 

As the decomposition of these minerals pi'esents 
so many difficulties, Chenevix has proposed to 
fuse them with from three to four times their 
weight of vitrified borax, which transforms them 
into a transparent glass at an incipient white heat. 
It is an advantage of this process that it may be 
executed in a platina crucible, and, consequently, 
at a very elevated temperature; but it has this great 
inconvenience, that when the mass is dissolved in 
hydrochloric acid the boracic acid remains, and 
does not dissolve so long as the supernatant liquor 
is acidulous. It hapjiens that this mass requires 
a great quantity of water for its solution; and 
when the earths and metallic oxides have been 
precipitated, one cannot be sure that the precipi- 
tate does not contain boracic acid, which increases 
its weight. For these reasons I cannot recommend 
this mode of analysis in quantitative researches. 

The mineral ealcuied with alkali having been 
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totally dissolved in the hydrochloric acid^ th^ 
complete separation of the constituents of the 
mineral is certain. 

It remains then to examine, 1st, what are its con-^ 
stituents ? 2d, in what proportions they exist ? 

QUALITATIVE ANALYSIS. 

In this kind of analysis all the bodies whose 
presence is presumed in the mineral must be 
sought for, and it is necessary to prove that no 
others are present. For this purpose a deter- 
mined quantity of the body must be employed for 
examination. It need not then be weighed with 
$uch great exactness. For the separation of 
silex the same process is used in qualitative and 
quantitative examinations. The hydrochloric so- 
lution is evaporated to dryness at a gentle heat : 
platina capsules are generally employed for this 
purpose ; or if these be wanting, porcelain cap- 
allies; these last should be used only when the 
solution has been effected in nitro-muriatic acid ; 
or when a body is present that can disengage 
^lorine, such as the oxides of manganese, ce* 
rium, &C. Glass should not be used, for the qua- 
lity is never sufficiently good to resist the action 
towards the end of the evaporation. The capsule 
should be covered with paper, and the heat should 
never be so high as to make the liquor boil, for 
tbose portions thrown chi the pi^er will be lost. 
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Towwda the end of the process die mass which 
begins to solidiiy is to be stirred until it is per- 
fectly dry, and until it no longer disengages the 
smell of hydrochloric acid : without this precau- 
tion the water will dissolve a portion of silex. 

When the mass is perfectly dry, the i>eroxide 
of iron, the alumina, and magnesia, will have 
sometimes lost their acid, and will not be dissolved 
by the water. 

The mass is then moistened with concentrated 
hydrochloric acid : tlie vessel is covered with a 
glass slab, and led to stand for some hours ; it is 
then treateil with water, and the solution is fil- 
tered : what remains on the filter is silica. When 
the calculation has been performed with caustic 
potassa, in a silver crucible, the silica thus ob- 
tained contains the chloride of silver ; when the 
precipitate has be«i washed with distilled watery 
the chloride of silver is taken up by washing with 
caustic ammonia. Tlie remainder is only sile^ 
wliich is known by the following characters : — itia 
white, and ought to become more so by calcinan 
tion, and to form a light earthy masst it should 
not to be dissolvable by digestion in hydrochloric 
acid, and that fluid should not become coloured by 
it : fused on charcoal before tlie blow-pipe with 
an equal weight of soda, it ought to form a trans- 
parent colourless glass : on makuig it boil with a 
sufficient quantity of carbonate of soda, it ought 
to form (according to the experiment of M. Pfaff) 
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a colourless and transparent liquor, which be- 
comes gelatinous on cooling. Other indications 
than those we have just cited would announce the 
presence of strange matter; and it will in that case 
be proper to treat the silex, like the mineral pow- 
der, with a fresh quantity of potassa, in order to 
separate this strange body from it. 

(B) The filtered liquid contains all the other sub- 
stances in the form of chlorides: to investigate their 
nature we commence by adding caustic ammonia 
to the liquor until it possesses a slight ammonia- 
cal odour. An excess of this alkali is necessary, for 
otherwise the precipitate will contain chlorides 
with an excess of base that often dissolve in the 
water when they are washed, and thus lead to 
error ; but it is necessary to guard against adding 
too great an excess of ammonia, since it will dis- 
solve a small portion of alumina. The ammonia 
precipitates all the bases less powerful than itself, 
and leaves in the liquor barytes, strontian, chalk, 
and magnesia*, and a portion of protoxide of 
manganese. If care has not been taken to make 
the iron pass into the state of peroxide, a portion 
of protoxide remains in solution. When the 
liquor contains zinc, nickel, copper, or cobalt, the 

* Magnesia is precipitated by ammonia, except in an as- 
cescent solution, when it is immediately re-dissolved by the 
ammoniacal salt formed. The solution is ascescent in the case 
here quoted, therefore the magnesia is left in the solution. 

G. 0. R. 
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greater portion of these oxides remnin dissolved ■ 
by the excess of ammonia. I 

(C) Ammonia, then, really precipitates the earths I 
and metallic oxides. The liqnor containing th^ I 
precipitated matter is left to repose, that it may 1 
subside completely. It is proper to take the pre^ 
caution of covering the vessel that contains it 
with a disc of ground glass so as completely to 
exclude the external air, since the carbonic acid a 
may give place to a precipitate of carbonate of I 
lime. The liquor is next filtered as quickly asfM 
passible, and the precipitate is washed, on ihH I 
filter, with boiling water: when the filtration ha* I 
commenced, this precaution ought not to be neg- 
lected until the precipitate becomes perfectly 
washed, if it be wished to avoid the presence of 
carbonate of lime. ■ 

(D) The filtered liquor is tested with sulphuretted I 
hydrogen or sulphuret of potassium, to ascertain % 
whether it contains a metallic oxide : if a precipi- 
tate be formed, it is examined before the blow- 
pipe, which gives the best indications for detecting 
the inorganic bodies. I have spoken ui my trea- J 
tise on the Blow-pipe concerning the effects that I 
each oxide produces, and I refer to that worlc^ " 
page 99. The presence of barytes or strontia 
in the liquid is ascertained by adding a few drops 
of a sulphate to it Oxalate of ammonia pre- 
cipitates the lime ; and when that lias been separ- 
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ated, phosphate of soda is added to the liquor to 
ascertain the presence of magnesia. 

(E) The precipitate formed by the ammonia (C) 
is treated with a lixivium of caustic potassa, with 
which it is heated in a glass, silver, or platina 
vessel : the potassa dissolves the alumina and the 
glucina ; filtration is performed, and the filtered 
alkaline liquor is saturated with hydrochloric acid ; 
of which a sufficient quantity is added to dissolve 
the precipitated earths, after which an excess of 
carbonate of ammonia is thrown into the liquor. 
The alumina and glucina are precipitated ; but the 
excess of carbonate of ammonia redissolves the 
latter: the liquor is filtered and boiled until it 
smells of ammonia : it becomes milky by the ebul- 
lition, and deposits the glucina, on ceasing to boil, 
in the form of a voluminous white powder. If a 
very great excess of carbonate of ammonia be 
added, a small portion of alumina will be dis- 
solved, which often troubles the solution after a 
long boiling : it differs from glucina in its appear- 
ance ; and on adding a small quantity of carbonate 
of ammonia to the precipitate the glucina dissolves 
in a few hours, whilst the alumina remains with- 
out alteration. 

After having separated the alumina and glucina 
by the caustic potassa, the residue is treated with 
carbonate of ammonia, which dissolves the yttria, 
the zircooia, the protoxide and peroxide of ce- 
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rium, and the peroxide of uranium', the solution J 
of the three first is colourless, that of the two last i 
is yeitow. Those parts of the mass not soluble 
in aminoiiia are soluble in hydrochloric acid; if 
tliis acid, however, leaves a residue, this will be . 
silica, colombic, or titanic acid, which may be de- ■ 
cided by means of the blow-pipe. 

Hydrochloric acid generally contains peroxide 
of iron and protoxide of manganese in solution : 
this is perfectly neutralised by caustic ammonia, 
or better still, such a quantity is added, that after 
a short maceration in tJie cold a precipitate of 1 
peroxide of iron is seen at tlie bottom of the ves- 
sel, so that the liquor still retains its yeUow colour : 
then the remainder of the peroxide of iron is pre- 
cipitated by a neutral succinate with an allcaline 
base; the oxide of manganese is next precipitated 
by boiling with carbonate of potassa. If the sub- 
stance for examination contain alumina and mag- 
nesia, the precipitate of manganese contains also 
magnesia, which has been precipitated with the ' 
alumina by the ammonia (U). In this case the I 
magnesia is separated from the oxides by means [ 
of hydrosulphuret of ammonia, which precipitate* ' 
the protoxide of manganese of a pale brick co- 
lour : the colour will be <larkened if the liquor 
still contains traces of iron, which frequentlj' hap- 
pens. The magnesia is next detected by the 
addition of phosphate of soda and caustic ammo- 
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Ilia, when a double phosphate of ammonia and 
magnesia is precipitated. 

(F) When the presence of an alkali is pre- 
samed in the matter for examination, it is proper, 
after having reduced it to powder, to mix it 
with five to six times its weight of carbonate of 
barytes, and to calcine it strongly for an hour 
or an hour and a half: the mass is next dis- 
solved in hydrochloric acid ; and after having 
separated the silica, as above mentioned, the 
barytes is precipitated by sulphuric acid. The 
other substances in solution are precipitated by 
carbonate of ammonia with an excess of base : 
the precipitates may be mixed, taken up, and 
washed on the same filter. The filtered liquor is 
evaporated ; and when it has been reduced to a 
small bulk, a portion of oxalate of ammonia is 
added, to precipitate any of the lime which may yet 
exist in the liquor. The solution is next filtered 
and evaporated to drjmess, and the saline mass 
heated to drive off all the ammoniacal salt pre- 
sent : if there be any residue, it is an acid sulphate 
with an alkalme base. I shaU explain in quanti- 
tative analysis how the nature of the alkali in this 
salt may be known, and also how to distinguish 
the alkali from magnesia; for this last exists in 
the residue in the form of sulphate of magnesia, 
if the mineral examined contain that earth. 

(G) Another and a shorter method is the follow- 
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ing: — A mixture is made of one part by weight rf I 
the mineralj separated by water from the coarser 
parts, with two parts of fluor spar reduced to 
powder, and likewise treated with water to separate 
the coarser particles : the mixture being made, it is 
placed in aplatina crucible ; and after having added ^ 
to it a sufficient quantity of sulphuric acid UPm 
transform the mass into a paste, it is heated' 
gently. Fluo silicic acid disengages itself; and after 
having driven off the excess of sulphuric acid, the 
soluble salts can be separated by water from the 
sulphate of Ume that is formed, and the alkali ex- 
tracted by the rules given. When tlie presence 
of fluor spar is presumed, aqueous hydrofluoric 
acid previously prepared in platina vessels is used 
to act on the mineral : it is seen best whether a 
part of the mineral has escaped action by treating 
the mass evaporated to dryness with hydro- 
chloric acid : the residue insoluble in tliis acid is 
taken up by the hydrofluoric acid. All liaving 
been dissolved, sulphuric acid is added, the so- 
lution is evaporated to dryness, and the masB 
calcined at a low red heat, in order to drive off all 
the hydrofluoric acid, which is especially necessary 
when the mineral contains lime. Analysis is faci- 
Utaled by the habit of seeing and handling these 
matters; but it often happens that experienced 
chemists have confidence in the appearance of 
substances, and, consequently, they ncylect ex- 



22 QUALITATIVE ANALYSIS. 

periments that would have changed their opmibns. 
Hence it is that the youngest chemist often per- 
forms qualitative analysis exceedingly well, al- 
though, not being sufficiently acquainted with 
manipulation, he may fail in quantitative analysis ; 
whilst the greatest masters are often deceived in 
qualitative decisions, either because they have too 
great a reliance in certain external signs, or be- 
cause idleness increasing with years, they do not 
wish to make an examination, which cannot but 
confirm that which they know already. 

I cannot then sufficiently recommend the pro- 
secution of qualitative examination in its minutest 
details : not only does it give a great perfection to 
labour, but it procures occasionally the pleasure 
of discovering unknown bodies or combinations. 
The qualitative analysis of compound combus- 
tibles, such as the sulphurets and metallic arse- 
nurets, &c. is best performed in the dry way by 
means of the blow^pipe. I refer for these examin- 
ations to the rules laid down in my treatise on the 
Blow-pipe. 

If it be wished to perform this examination in 
the moist way, it is proper to treat these sub- 
stances with aqua-regia, to transform them into 
salts ; but this mode of operating is rendered ex- 
ceedingly difficult by the property possessed by 
metallic acids of not being entirely separable- 
from their combinations with different oxides by 
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means of the alkalies ; so that, without the use , 
of the blow-pipe, very erroneous results will often 
be obtained. 

Amongst the substances that present themselves* ] 
for examination in an uiiburned state, there are* I 
some that form insoluble combinations with oxy-> 1 
gen, or imperfectly soluble in aqua-regia. Sul*i 
pliuret of lead, for instance, gives sulphate of lead ;> 
silver the chloride ; tin leaves a deposit of oxide, 
which is insoluble when it is attacked by nitric 
acid only : in the same manner the niolybdic and 
tungstic acids remain insoluble when the sulphuretr . 
of these metals are treated with aqua-regia. On" | 
adding water to concentrated acid solutions of an-^ ] 
timony and bismuth, these oxides are precipitated,i 
as is the case with many salts, such as the se^T I 
leniates and sulphates of silver and of lead. Am-* ' 
monia precipitates the greater portion of the 
metallic oxides, and holds in solution the oxides 
of silver, cobalt, copper, nickel, zinc, and cad- 
mium, as well as the metallic acids. Carbonate of^ | 
ammonia retains in solution all the oxides w«> | 
have just named, except that of cadmium ; it a 
dissolves the oxide of uranium, and the oxides dt\ 1 
cerium. Caustic potasia dissolves the oxides of< I 
zinc, lead, tin, and the metallic acids. 

The fixed carbonated alkalies dissolve a great' ' 
nmnber of metallic oxides, but in small quanti^* 
ties, so that this property is not available. Me- 
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tallic iron precipitates arsenic, selenium, antimony^ 
tin, bismuth, lead and copper, and those metak 
unalterable by the contact of air : it acts, bi^ 
very slowly, upon the solutions of silver and mer- 
cury. Zinc precipitates all the preceding bodies, 
and cadmium also, which last is not precipitated 
by iron. Solutions contauiing titanium assume, 
after some time, a purple colour when treated, with 
zinc in closed vessels, and solutions containing 
tungsten acquire a bright blue colour. Sul- 
pburet of potassium precipitates from their solu-* 
tion in acids all the metals whose oxides in some 
way act as bases ; but it dissolves all those oxides 
that act as acids ; that is to say, those of selenium, 
arsenic, molybdenum, tungsten, antimony, tello- 
rium, tin, gold, platina, and rhodium ; neverthe^ 
less, it does not dissolve the green oxide of chro- 
mium and the titanic (peroxide of titanium), co- 
lumbic, and silicic acids; it follows, therefore, that 
these compounds may be separated by sulphuret 
of potassium from the oxygenated combinations 
of other electro-negative metals. 

Salts or saline fossils are often submitted to the 
examination of the chemist, and these require 
another process to discover the nature of the acid 
they contain. I shall state in a few words the 
method by which the inorganic acids may be 
known. 

The sulphates with alkaline bases are reduced 
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to the state of sulphurets, by heating them on 
charcoal with the blow-pipe. 

In order to ascertmn the presence of sulphur, 
Mr. Smithson recommentls a drop of water to be 
placed on well polished silver, and the residue of' I 
the blow-pipe experiment to be put in contact f 
with this water ; after a short time the silver be- 
comes of a blackish or brownish colour. When 
the sulphate has a metallic oxide for its base, it 
disengages sulphurous acid gas when exposed to i 
the jet of the blow-pipe on charcoal ; if the salt 
be soluble in hydrochloric acid, the sulphuric acid 
may be separated by means of chloride of barium ; 
if on the contrary it be insoluble in water and 
acids, it is to be calcined to redness with an alkali ; 
it is treated with water, the licjuor saturated with' j 
hydrochloric acid, and then precipitated by , 
barytic salt : sulphate of barj'tes may be sepa- ' 
rated from the other barytic salts, difficult 
solution, by means of acids that dissolve these lat- i 
ter salts without touching the sulphate. 

The phosphates may be known by dissolving 
them in water or acids, and precipitating the 
phosphoric acid with acetate of lead ; the phos- 
phate of lead is not reduced by fusion on charcoal 
with the blow-pipe, and gives after cooling a 
bright grey bead, which at the moment of solidi- 
fication assumes facets, owing to a commencement 
of crystallisation. 
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On fusing a phosphate before the blow-pipe 
with boracic acid and a small portion of iron filings, 
a bead of fused phosphate of iron is obtained. 

The chlorides are easily known by the precipi- 
tates they form with the salts of silver and lead. 

The fluorides are nearly all soluble in concen- 
trated hydrochloric acid, and undecomposable by 
calcination with the alkalies; they disengage hy- 
drofluoric acid when they are treated with con- 
centrated sulphuric acid, and in this case the glass 
vessel is attacked. In order to make this exami- 
nation, the salt and the sulphuric acid are mixed 
in a lead or platina vessel, covered with a glass 
slab, on which a coating of wax has been laid and 
partially removed by means of a pin : the hydro- 
fluoric acid corrodes the glass in those places 
where the wax has been removed. If the matter 
examined contain only traces of hydrofluoric 
acid, the glass will not appear attacked after dry- 
ing ; but the attacked parts always appear when 
the glass is breathed on. When the matter for 
examination contains a mixture of a Carbonate 
with a small portion of fluoride, the hydrofluoric 
acid is generally so quickly carried off* by the car- 
bonic acid disengaged with it, that it has no time 
to re-act on the glass; it is proper then to de- 
compose or dissolve the carbonate before testing 
for the action of the hydrofluoric acid. The 
borates are known by treating them while hot 
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with a powerful acid, they then become totally 
dissolvedj but deposit the boracic acid on cooling 
in the form of scales ; the mass mixed with alcohol, 
and inflamed, bums with a green flame, at least 
towards the end of the operation. 

The arsenlates may be known, because on heatuig 
them on charcoal with the blow-pipe they disen- 
gage an arsenical odour. Fossils often contain a 
mixture of arseniates and phosphates, which can 
be separated by precipitating the acids with ace- 
tate of lead ; the arseniate of lead is easily reduced 
on the charcoal, whilst the phosphate fuses into a 
crystalline globule. 

Chromic acid is known by its forming a soluble 
combination on calcination with potassa, which 
colours the water yellow; even when there is only 
a small portion of chromate of potassa present, 
the neutral liquor forms with protonitrate of mer- 
cury, a precipitate of the mercurial chromate, 
which gives by calcination a residue consisting of 
the green oxide of chromium. I refer for further 
particulars to my treatise on the blow-pipe, page 
99. for the basis, and page 157. for the acids. ' 

QUANTITATIVE ANALYSIS. 

Of all the labours of the chemist, <juantibitive 
analysis presents most difficulties ; it has reached 
a higher degree of perfection lately, owing to the 
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doctrine of chemical proportions, either because 
analytical processes have been much improved by 
the researches, which it has been necessary to 
make in order to develope and confirm this doc- 
trine, or that on comparing the results of analysis 
with the chemical proportions, the exactitude of 
the process may be tried. Thus the justice of ari 
examination could not be proved but by repeatmg 
the analysis, so long as the absolute power of 
numbers did not contain theoretical interests of a 
higher class. This difficult proof was rarely em- 
ployed, and the errors committed were doubtless 
rarely discovered, and analytical chemistry was as 
to the determiniation of proportions rather a 
faulty and difficult manipulation, than a true scien- 
tific research, leading to clear conceptions. 

. When chemical proportions and the laws con- 
cerning the affinities from which bodies combined 
by preference began to unfold themselves, che- 
mical analysis became more valuable, and fur*' 
>iished a power of research and confirmation for 
the more elevated parts of theory. To arrive at 
just results it is proper to be well initiated in ana- 
lytical manipulations, and this is not acquired but 
by much practice, which ought likewise to be ac- 
companied with natural dexterity, without which 
no progress can be made in exact analysis. Per- 
sons who know a little chemistry ought to exer- 
cise themselves principally in quantitative aaftc 
lysis, persuaded that without being acquainted with 
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its branches, they are quite incapable of all scien- 
tific research. It is necessary to be accustomed 
to weigh with the nicest exactitude, to pour out 
liquids without loss, so that the last di'op does 
not run on the outer side of the vessel ; it is 
necessary to keep an account of a variety of 
trifling things, the neglecting of which will render 
useless a troublesome process of many weeks. It 
is above all important to take core that no inat- 
tention, no unperceived circumstance destroy a 
process which approaches completion. Before 
this habit is acquired, the disappointment of losing 
an analysis is often experienced) through negli- 
gence or want of foresight; but this principle 
ought to be established, that an unsuccessful ex- 
amination ought to be recommenced, and no cor- 
rections ought to be made, for however disagree- 
able it may be to recommence, it is still more 
painiiil to have performed a long and expensive 
process, without having a perfect conviction of 
the justice of the result, and that it may be valua- 
ble either to science or for the instruction of the 
person who has made the analysis. Since per- 
sons have commenced using the chemical equiva- | 
lents to guide them in quantitative analysis, a 
great number of chemists have employed them- 
selves in this mode of examination, and the less 
practised persons have drawn entirely false con- 
clusions, from the confirmation they give to their 
c 3 



so 2UANTITATIVE ANALYSIS. 

results, by the agreement they present with the 
chemical equivalents, this agreement preventing 
them from suspecting their errors. It is then 
necessary not to trust too much to the result of 
an incomplete analysis, because it agrees with 
chemical prpportions, and above all when several 
possible proportions approach to the numbers ob- 
tained, it requires extreme address and exactitude 
to determine which of these proportions is the true 
one. In analytical examinations a great many 
manipulations are requisite, which are best learned 
by seeing them performed, though many may be 
acquired by description. 

The quantity of the substance for analysis de- 
pends on the s^iisibility of the balance ; when the 
necessary address is acquired, a higher degree of 
exactitude is often obtained by operating on small 
than on large quantities ; otherwise the quantity 
of re-agents employed, the time necessary for 
filtration, washing, and evaporation, augments of 
course the weight of the body. 

Klaproth in his analysis generally used 100 
grains ; after his example I have used for some 
time the weight of five grammes*, correspond- 
ing nearly to the.preceding weight ; but experience 
has taught me that oftentimes this weight is too 
great. I prefer taking firom one to two granunes, 

* A gramme is equal to nineteen grdns ; it is a French 
weight. 
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and I never use more than one grain when I 

the mineral I wish to analyse contains alumina ; I 

for the precipitates of this earth are so volumin- ' 

ous, that when a larger proportion of the mineral 
is taken, it requires more than a week to wash i 

the alumina. It is proper to add, that in cases 
where one of the constituents of a substance for 
analysis enters but in small quantity into the com- 
pound, its proportion should be determined by a 
particular analysis made on a larger quantity of 
material. I have already explained how silica is 
separated; in order to drive off all moisture, it is 
proper to calcine before weighing it, which process 
ought generally to be repeated on all inorganic 
substances that are not volatile. Calcination to 
incipient redness is performed in small plaCina 
crucibles, which have been previously weighed, 
and may be heated over a spirit lamp with a 
circular wick, and furnished with a small tin 
chimney. This calcination may be performed 
either by burning the filter, or by weighing it 
first with the mass, and next a pordon of it before 
calcination ; in the first case a paper is used that 
produces only a small quantity of cinder, and 
which gives, by often repeated experiments on 
larger portions of paper taken from different 
leaves, results proportional to the quantity of 
paper employed. The dried and weighed filter 
gives us, on calculation, foUowmg the precedinjf 
c 4 
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examination, a quantity of cinders proportional to 
its weight, which is to be deducted from that of 
the calcined residue. If, on the contrary, the 
weight of the filter be taken, according to the 
second method, before and after the desiccation of 
the precipitate, it is proper to put it in a crucible 
with a cover still warm, and when it cools, toge- 
ther with the crucible, it is to be weighed with it. 
If the operation be performed otherwise the 
weights will not be exact, for the paper always 
contains moisture when weighed in the open air. 
A portion of the dried mass is next weighed, with 
that portion of the filter that adheres to it, it is 
calcined, and that which the whole quantity con- 
tained on the filter has lost may be calculated by 
the loss of weight I prefer the first process for 
silica, and in all cases where the calcined substance 
does not require any sort of process after the 
weighing. 

I choose the second method, however, when the 
weighed matter is to be submitted to other pro- 
cesses, in which cases the presence of bodies pro- 
ducing cinders might bccasion error ; this method 
is also employed whenever the reduction of a 
metallic body is to be feared. 

In the case of silica it is proper to dry it com- 
pletely before calcining it, to raise it from the 
filter with precaution, to place it in the crucible, 
and put the filter over it. If it be not perfectly 
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dry, or if it cover the filter, a portion will be car- 
ried off by tbe gases disengaged during the calcin- 
ation, for the silica obtained often appears in the 
form of an exceedingly fine and light powder. 

After the separation of the silica, it remains for 
us to analyse the hydrochloric solution ; but as 
the mode of proceeding is different according to 
the bothes it contains, and since it is impossible to 
give a formula applicable in all cases, I shall com- 
pensate for such an one by examples taken from 
real combinations, such as ordinary cases present. 

First Example. — I proceed to describe the ana^ 
lysis of a mineral containing several substances, 
such as the oriliite from the neighbourhood of 
Fahlun. We suppose that this mineral has been 
dissolvei-i n aqua regia, the solution evaporated to 
dryness, and that the silica has been separated 
above directed, so that the solution of the ot 
substances in hytirochloric acid remains for 
lysis ; we suppose it proved by a preceding trial 
that the mineral contains hme, alumina, yttria, 
peroxide of iron, protoxide of manganese, and pro- 
toxide of cerium. 

(A) The water which was used to wash the 
silica having been reduced by evaporation to a 
very small bulk, is to be added to the acid solu- 
tion, whicli is precipitated by an excess of caustic 
ammonia ; the lime alone remains in the solution, 
which ought to be preserved i'rom the contact of 
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air, and left to repose, so that the precipitates may 
subside completely ; the transparent fluid is next 
decanted, or, what is better, filtered, and the pre- 
cipitate thrown on the filter. The funnel ought 
to be constantly covered by a disk of glass. 

^11 the liquor being filtered, boiling water is 
at intervals thrown upon the precipitate, no fresh 
portion being added until the first has completely 
passed through.; this is continued as long as a drop 
of the filtered liquor, on being placed on a platina 
spatula, leaves a mark afler evaporation. 

The washings are evaporated to a small bulk, 
afterwards they are added to the filtered liquid, 
which is precipitated by oxalate of ammonia, then 
it is heated gently, in order to make the cal- 
careous precipitate subside ; the oxalate of lime is 
filtered, washed, dried, and calcined with the fil- 
ter. This calcination being intended not only to 
drive off the water, but also to transform the oxa- 
late into carbonate, it is proper on heating it with 
the spirit lamp to cover the crucible three fourths, 
and to give it an oblique position. Along its infe- 
rior edge a thin band of iron is placed, which in- 
terrupts the current of heated air proceeding from 
the crucible, and favours the access of the atmo- 
spherical air: without this, precaution, the mass 
oflen remains a whole hour without decomposition, 
although the crucible may be red hot, whilst by 
this, the oxalate is quickly transformed into carbo- 
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iiate ; but as the heat may have driven off some of 
the carbonic acid, it is moistened with a concen* 
trated solution of carbonate of ammonia, after 
which it is dried, calcined to incipient redness, 
and weighed ; the weight of the lime is then cal- 
culated from the composition of tlie carbonate, 
which may be found in the tables exhibiting the 
atomic weights of inorganic bodies. 

(B) The precipitate produced by the ammonia is 
composed of aluminaj of yttria, of peroxide of iron, 
and the protoxides of manganese and cerium ; 
these are to be digested at the temperature of 
100°', with a lixiviuni of caustic potassa, of 
which there mav be a slight excess ; those portionh 
that cannot be raised from the filter may be re- 
moved by an acid and mixed with the rest. The 
potassa dissolves the alumina, and one may be surt- 
that there is a sufficient quantity when the filtered 
liquor gives, on the additionof a drop of hydrochlo- 
ric acid, a precipitate which redissolves immediately 
in the lixivium ; when the contrary is the case, the 
precipitate ought to be digested with afresh quan- 
tity of potassa. The alkaline liquor is next filtered, 
the insoluble precipitate washed, and the filtered 
liquor saturated with hydrochloric acid in excess, 
so as to dissolve the alumina, which is at first pre- 
cipitated, after which, carbonate of ammonia is 

■ 100^ centigrade, equal to Sia'-" of Fahrenlieit. 
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Ridded to the liquor in slight excess.;, the precipi-* 
tate is to be well washed, dried, calcined, and 
weighed ; it consists of alumina. To separate a 
small quantity of silica .which it almost always coi>* 
tains,, it is mixed with.concentrated sulphuric acid^ 
in a platina crucible, and heated gently. The 
earth swells, combines with the acid, and when the 
combination is complete, a sulphate of alumina is 
fprmed, which is to be dissolved in water ; what 
remains is silica, which is collected on a filter and 
afterwards calcined and weighed. Its weight is 
deducted from that of the alumina. 

Observation. — When the alumina constitutes the greatet 
portion of the precipitate A, obtained by the ammonia, I am 
in the habit of drying, calcining, and weighing it, after which 
I dissolve it in hydrochloric acid, or in concentrated sul- 
phuric acid. I next precipitate the other substances by an 
excess of caustic potassa. I filter, wash, dry, and weigh the 
precipitate, the we^ht lost is equal to that of the alumina. 
This process possesses the advantage of being quickly per- 
formed, since the separation of the alumina by caustic potassa 
is avoided, as also the washing of the alumina, which re- 
quires much time, in consequence of the great bulk of this 
earth when newly precipitated. 

(C) The substances insoluble in the potassa 
are dissolved by hydrochloric acid ; these consist 
of the protoxides of cerium and manganese, the 
peroxide of iron, and the yttria. In order to pre-^ 
cipitate the protoxide of cerium, recourse is had 
to a peculiar process, founded on the pr6perty 
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possessed by these oxides, of forming a double salt 
with potossamid sulpburicacid, which, thoughsolu- 
ble in water, is tiisolubte in a saturated solution of 
sulphate of potassn, whether this solution contain 
free acid or not, A crust of crystallised sulphate of 
potassa is pluced in the hydrochloric solution of 
these bases, which should rise above the solution, in 
order that every portion of the liquid may be satu- 
rated with this salt ; the double sulphate of cerium 
and potassa precipitates, and when after four and 
twenty hours the solution takes up no more of the 
sulphate of potassa, the clear liquor is decanted, and 
the precipitate washed with an aqueous saturated 
solution of sulphate of potassa. The precipitate is 
neict dissolved in Iwiling water, and caustic po- 
tassa is added to the solution (ammonia would 
precipitate a subsulphate)*, the precipitate is 
washed, dried, and calcined. In this manner the 
peroxide of cerium is always obtained, and if the 
mineral contains the protoxide, it must be esti- 
mated by calculation, and the surplus quantity of 
oxygen must be deducted. 

(D) The liquor from which the oxide of cerium 
has been precipitated is saturated with animonia, 

' An excess of potassa must be added, and left to digest, 
without which the precipitate eooimna a mixture of hydrate 
sod guhsulphate. In all cases the oxide must be disBolved 
after calcinntion, in order to be sure that it does not contcin 
aulphurii; acid. 
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to separate the peroxide of iron from it by means 
of a succinate. This operation, to succeed, re- 
quires great care, since the least excess of acid has 
the effect of rendering the succinate of iron so- 
luble, to a certain degree, so that it becomes gela- 
tinous during the washing, and dissolves, giving 
a yellow colour to the liquid ; the washings never- 
theless deposit the succi^^te of iron, when they 
fall into a strong saline solution, which has beien 
filtered before hand : this being the case, I have 
always employed with much success a concentrat- 
ed solution of hydrochlorate of ammonia (muri-> 
ate of ammonia) for the washing : after which I 
use a solution of caustic ammonia to deprive the 
precipitate of the sal ammoniac, by washing it 
with the caustic ammoniacal solution, but it. is 
desirable to avoid as much as possible having re- 
course to these means. 

To perform the precipitation well, you must 
commence by saturating the liquor with ammonia, 
o£ which a slight excess is added, so that a small 
portion of peroxide of iron is precipitated : when 
the ammonia is added it always happens that the 
oxide precipitates ; but at the commencement of 
the operation, this oxide redissolves ; after some 
time a small portion of anmionia is again added^ 
the mixture is left to repose some hours at a tem- 
perature of iiO° or 30° (centigrade ; equal to 68*^ 
and 86° of Fahrenheit), and when the precipitate 



QUANTITATIVE ANALYSIS. S9 

has disappeared, a few more drops of the ummo- 
nia are added, and the Uquor again left to itself: 
this is to be repeated so long as any portion of 
peroxide of iron remains undissolved. The am- 
monia employed for this precipitation ought to be 
very weak : if the liquor lose all colour, it will in- 
dicate that all the iron has been precipitated, and 
that the excess of ammonia was too great. It is in 
this case proper to add more acid to the solution, 
and. recommence the saturation witli more care. 
When at length the point is attained, or a small 
portion only of iron is dejiosited, the precipitation 
is accomplished by a succinate, which ought to be 
perfectly neutral. The crystallised succinate of 
soda is most proper for this pmpoae. The succi- 
nate of ammonia is also used, but it is freiguently 
acid, and that which is crystallised is always so ; 
it is therefore proper to procure a solution of suc- 
cinate of ammonia, which has neither an acid nor 
idkaline reaction : nevertheless, the succinate d 
ammonia is not used except in cases where the so- 
ludon contains a iixed alkali, the weight of which 
it is wished to determine. 

The succmate of iron precipitates of a pale red 
colour ; the precipitation is completed on the ap- 
plication of heat, alter which the precipitate is 
washed on the filter, and water charged with 
small portion of caustic ammonia is thrown on it, 
in order to extract a part of the succinic acid. Thig 
precaution is taken in order to avoid the reduce 
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tk)h of the iron to the state of protoxide, by too 
great a quantity of acid ; it is of impcntance that 
the ammonia employed should be fr^h and quite 
free from carbonic acid, for if that be not the 
(%ise a small portion of succinate of iron will be 
dissolved. 

The succinate of iron is to be calcined in a glass, 
or porcelain vessel, which ought at first to be co- 
vered, as the first impression of heat causes a 
slight decrepitation; but afterwards access of air 
vtiay be allowed. The calcination may also be 
performed (with the before-mentioned precau- 
tk)ns), in a platina crucible, placed obliquely : by 
not neglecting the precautions that I have just 
named, the red oxide of iron is obtained. It is true 
that ^ome portions of the produce thus procured 
are attracted by the loadstone ; but when the whole 
is digested with nitric acid, no considerable aug- 
mentation of weight takes place, so that this last 
treatment is useless. The succinates may be re- 
placed by the benzoates for precipitating the per- 
oisdde of iron; these last salts, however, possess the 
disadvantage of affording a more voluminous preci- 
pitate, and of reducing a large portion of peroxide 
to the state of protoxide during the calcination, so 
that a mixture, in variable proportions, of per and 
protoxide is procured. * 

* By treating this mixture with nitric acid, it is easj to 
convert the whole into peroxide. 
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Mr. Herschel has proposed adding carbonate of 
ammonia, or ammonia nearly to saturation, to the 
solution containing iron ; on boiling, the peroxidflJ 
of iron precipitates in the form of a basic t 
whilst the manganese remains in solution i 
double salt. If after being boiled the liquor sti] 
contains a small quantity of iron, a small portioi 
of ammonia, or carbonate, is re-added, and it i 
boiled again.* When the liquor contains a fixed 
acid besides the peroxide of iron, such as tlie phos- 
phoric, arsenic, boric, or hydrofluoric in combin- 
ation with an earth, a compound which is precipit- 
able by the alkali with the peroxide of iron (for 
instance when peroxide of iron and phosphate (rf 
lime are found dissolved together in an acid), Mr. 
Herschel's method is the best to separate the 
peroxide from the earthy salt ; but it is to be 
membered that the basic salt of iron which prednl 
pitates during ebullition contains a great part, and I 
often the whole of the fixed acid, from which the | 
peroxide of iron must next be separated. 

If it be wished to precipitate tlie peroxide of ir 
only, without the phosphate of lime, there exisbt I 
no way but by the addition of ferro prussiate c£ I 

• This process doea not succeed well except when the ' 

iron is at the ma\iiiium of oxidation. Thus, it is proper to ', 

cominentc by boiling the liquor for some time with nitrie * 

acid, and to add nmmonia or the corbonBte while the liquor j 
is Btill boiling. 
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potassa to the acid solution, and washing the pre- 
cipitate thus obtained (which treated with pure 
water frequently passes through the filter) with 
a solution of muriate of ammonia : the phosphate 
(^ lime is afterwards precipitated by caustic am- 
monia. In order to determine the quantity of the 
bodies which enter into any compound submitted 
to analysis, it is essential to know the degree of 
oxidation of the iron present, for which purpose 
we only possess means capable of approximation 
to the truth. For example, the sum of the consti- 
tuent parts is too great when the iron is calculated 
as it" found in the state of peroxide, or too small 
when it is supposed to exist in the form of pro- 
toxide ; one generally supposes that the black or 
green colour of a mineral, indicates the presence 
of the protoxide, whilst the yellow or red colour, 
or absence of colour, is attributed to the combin- 
ations of the peroxide. All these indications are 
equivocal ; for in the first place a mistake in ana^ 
lysis may render erroneous the calculation founded 
on a loss, or an excess ; and again, the ferruginous 
coloured minerals often contain the protoxide and 
peroxide of iron, sometimes a combination of the 
two, in the proportion of one of protoxide to two of 
peroxide (oxidum ferroso ferricum), often in other 
proportions, and then the lime, magnesia, and the 
protoxide of manganese take the place of a por- 
tion of protoxide of iron, nearly in the proportions 
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tor foniiiiig the oxiduni ferroso ferricum, so a great I 
portion of protoxide is replaced by an equivalent I 
proportion of another base; it is nevertheless pro- I 
bable, tliat the oxygen contained iji the oxides erf 1 
iron, constituting a mineral, may be determined by I 
reducing it to a dne powder, and heating a givoi 1 
portion to redness, and making a stream of hydro- ■ 
gen, or sulphuretted hydrogen gas pass over it; 1 
the water may be received by chloride of calcium 1 
and weighed. i 

Klaprotb, to determine the quantity of peroxidb 
of iron after calcination, mixes the uuneral with 
oil, and heats it till carbonization is produced ; by 
this mode he believes he always obtains the iron 
at tlie same degree of oxidation, which is errone- | 
ous, and in determining the quantity of iron, it t 
should always be weighed in the state of peroxide I 
to be sure of the result. I 

(E) Theliquorfromwhich the oxide of iron hftt I 
been precipitated, still contains protoxide of man- I 
ganese and yttria, which may be separated in two J 
ways. " 

First Method, — The liquor is saturated with 
ammonia, the yttria precipitates, and the protoxide 
of manganese remains combined as a double salt, 
with a great quantity of hydroclilorate and sul- 
phate of ammonia j — it is next precipitated with 
carbonate of potassa in excess, and the liquoi 
evaporated to dryness ; the oxide of manganese > 
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then remains undissolved on the addition of water : 
after being washed and strongly calcined to red- 
ness, it may be estimated as a compound of 1 prot- 
oxide and 2 peroxide. 

Second Method, — The yttria and oxide of man- 
ganese may be precipitated by carbonate of potassa, 
the liquor evaporated to dryness, and the precipi- 
tate washed with distilled water ; the yttria is then 
dissolved in carbonate of ammonia. As it requires 
a great quantity of this last to perform the solu- 
tion, this process is more expensive than the pre- 
ceding. When the solution is boiled the ammonia 
disengages itself, and the yttria precipitates. 

Second Example. — The presence of magnesia 
requires another form of examination; for alu- 
mina and magnesia have so great an afRnity, that 
when a mixture of the two is decomposed by 
caustic ammonia, a part of the magnesia precipi- 
tates with the alumina in the form of aluminate 
of magnesia, if I may be allowed the expression. 
Alumina, which contains magnesia even in a 
proportion not exceeding 1 per cent, possesses 
after calcination the property of becoming exceed- 
ingly warm when moistened with water, which 
does not happen to pure alumina; if dried and 
calcined it again becomes warm on being moisten- 
ed. If digested with concentrated hydrochloric 
acid it dissolves with difficulty, and leaves for re- 
sidue a white insoluble powder. This is a combin* 



QtTANTlTATIVE ANALYSIS. 4^ J 

ation of alumina and magnesia, analogous to th^l 
which is found naturally under the name gf, 
spinel. This powder can only be dissolved by 
ebulhtion. If before calcination the magnesiferous 
alumina is treated with caustic potassa it will not 
dissolve all tlie alumina, but the magnesia retains. ■ 
a certain portion by reason of its affinitv. .■, \ 

(A) We will suppose a combination of silica, 
alumina, magnesia, lime, and of peroxide of iron, 
such as is presented in pyroxene or amphibolej 
we presume that the silica has been separated on , 
the before-mentioned principles, so that the fou^ I 
following bases remain for separation, lime, miig^. J 
nesia, alumina, and peroxide of iron. 

The acid liquor, from which the silica has been, i 
separated by filtration, is diluted with the washings*. J 
and poured into a cylindrical vessel, covered by ^ 1 
glass resembling a watch-glass in form. A solution, 
of bicarbonate of potassa or anunonia is added to 
it by degrees ; a strong effervescence is then pro- 
duced, which might scatter a part of tiie liquor if 
the vessel were not covered duruig the addition 
of the bicarbonate. This salt precipitates the alu- 
mina and the peroxide of iron, but the lime and 
magnesia remain in the solution as bicarbonates. 
Let us first see to the treatment of the precipitate. 

(B) Tlie precipitate is well washed ; but, when 
bicarbonate of potassa is used it is impossible to 
dry it m this state, and to calcine it to know the 
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weight of the alumma by deducting that of 
the peroxide, since the alumina so precipitated 
contains carbonate of potassa in an insoluble com- 
bination; the precipitate is then removed from 
the filter (that part which remains attached to the 
paper being removed by an acid), and the mass is 
digested with caustic potassa, which does not dis- 
solve the peroxide of iron ; it is washed, dried, cal- 
cined, and weighed : if it should contain man- 
ganese it is to be redissolved in acid, and sepa- 
rated from it as we have directed in the preceding 
example. The alkaline liquor is saturated with 
hydrochloric acid in excess, so as to redissolve the 
alumina : it is next precipitated by carbonate of 
ammonia, and the precipitate washed with boiling 
water is dried and calcined ; it should always be 
redissolved as above mentioned, in order to dis- 
cover whether it contain silica. 

Observation. — Many chemists are in the habit of preci- 
pitating the alumma from the alkaline solution, by hydro- 
chlorate (muriate) of ammonia, in which case the hydrochlo- 
ric acid saturates the potassa, and the alumina precipitates, 
whilst the ammonia is set free; but this last substance, 
especially when in great excess, dissolves a considerable 
quantity of alumina, which does not precipitate except on 
evaporation, so as to drive off all the ammonia; neglecting 
this, evaporation will necessarily cause a loss; besides, a 
circumstance presents itself in this case, to which sufficient 
attention is seldom paid, which is, that the great excess of 
caustic ammonia dissolved in the liquor favours the pre- 
cipitation of part of the potassa with the alumina, so that 
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when the analysia Is carefully performed, an overplus is < 
covered when the constituenta are summed up. If, on 
contrary, the aliitninH is prixipitatcd from its acid aolutioa 
by carbonate of ammonia, the liquor contains free carbonic , 
acid, which suspends entirely the affinity between the 
alumina and the alkali. 

(C) I'he lime and magnesia are still to be se-(| 
parated, which two remain as bicarbonates in the * I 
solution from which the ahimina and oxide of I 
iron have been precipitated : there are many^' j 
methods for effecting this separation. " 

First Method. — The solution is saturated by hy- ' 
drochloric acid, the carbonic acid is driven off, and ' 
a slight excess of ammonia is added to the liquor ; ' 
oxalate of ammonia is then added to it, so long a 
there is any precipitate, and the liquor is allowed to 
stand so tliat the separation may be completje ; the 
precipitated oxalate of liine is filtered, and treated ' 
as directed in the first example, article (A). 

The filtered liquor, added to the washings, 
is then evaporated, heated to ebullition ii 
glass matrass, and precipitated by carbonate of J 
potassa ; the clear liquor having been decanted, 
the precipitate is washed with a little water ; the 
filtered liquor is evaporated to dryness, and the 
residue treated with boiling water, which leaves a 
fresh portion of magnesia undissolved. The liquor i 
should have an alkaline re-action after the solu- 
tion of the residue, otherwise another portion of I 
alkali must be added, and the evaporation to dry ' j 
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ness performed again : the two portions of mag- 
nesia are washed on the same filter with boiling 
water. These, washings ought to be performed 
quickly, and should not be continued too long, 
since the magnesia is slightly soluble in them; 
according to Mr. Fife, 9000 parts of boiling water 
dissolve one of magnesia. If the washings are 
cold they filter more slowly, and one part requires 
only 2500 parts of water for solution. The mag- 
nesia is calcined and weighed in the caustic state, 
it is next dissolved in hydrochloric acid, the liquor 
evaporated to dryness, and redissolved in water 
containing a little hydrochloric acid. There always 
remains an observable quantity of silica : mag- 
nesia, protoxide of manganese, and oxide of zinc, 
retain it more than any other substances. 

Second Method. — The liquor is saturated with 
carbonate of potassa and evaporated to dryness, 
tjie saline mass is treated with water, which dis- 
solves neither the carbonate of lime nor magnesia, 
and when it is well washed it is saturated with 
pure sulphuric acid, and heated to incipient red- 
ness. 

The mass is weighed, afterwards it is treated 
with a saturated solution of sulphate of lime, which 
only dissolves the sulphate of magnesia: what 
remains is the sulphate of lime, which is calcined 
and weighed, and by deducting its weight froni 
that of the two sulphates, the weight of the sul- 
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phate of magnesia is ascertained. The quantity 
of the two bases is calculated from the composi- 
tion of their sulphates found in the atomic tables. 

Tliird. The lime is precipitated, as before, by 
oxalate of ammonia; a solution of phosphate of 
soda, containing a little ammonia, is added to the 
remaining liquor, which contains hydrochlorate of 
magnesia (for the simple neutral salt is not pre- 
cipitated) ; the precipitate is the ammoniaco-mag- 
nesian subphosphate : it is washed, calcined, and 
weighed. This method, which has been proposed 
lately, is not perfectly exact; for the precipitate, 
although insoluble when the liquor contains an 
excess of phosphate, is dissolved on the addition 
of pure water, and precipitated anew from this 
solution when a phosphate is added. This solu- 
bility, which has not been taken into consideration, 
renders the result equivocal. This error, never- 
theless, has been corrected by another error, viz. 
the supposition that the calcined precipitate con- 
tains 40 per cent of magnesia, whilst it contains 
but 36.67 : it follows that that which has been lost 
by the washings, has been replaced by the supposi- 
tion of a greater quantity of magnesia. However 
this may be, it appears that it is preferable to pre- 
cipitate the magnesia with carbonate of potassa, 
in the way we have before mentioned ; or to eva- 
porate the liquor to dryness, and calcine the salt : 

D 
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on treating it with water the magnesia remains 
untouched. 

Observation, — In those cases where the earths contain 
protoxide of manganese also, this last must be first pre- 
cipitated by hydrosulphate* of ammonia, the precipitate 
washed and dissolved in hydrochloric acid ; the solution is 
then mixed with carbonate of potassa, and evaporated to 
dryness; the dried mass is digested in water, which does 
not take up the carbonate of manganese : it is washed on a 
filter, dried, and calcined. If the quantity be great, it is 
necessary to be sure that it does not contain silica, as I 
have said concerning magnesia. 

Manganese can also be precipitated by ferro- 
cyanuret of potassium ; a reddish white precipitate 
forms, which, to be washed without passing through 
the filter, requires the same precaution as the prus^ 
sian blue; that is to say, a solution of sal ammo-^ 
Iliac must be used as a lavement : the precipitate 
of the ferro-cyanuret of manganese is calcined, 
the iron is calculated as being in the state of pro- 
toxide, and the manganese as peroxide. 

Third Example. When minerals contain an 
alkali, recourse must be had to a particular process 
in order to extract it ; which is easily efiected 
when the mineral is soluble in an acid. If it con* 
tain, for instance, silica, soda, lime, and alumina, 
such as the mesolithe, the pulverized minerml is 
dissolved in hydrochloric acid : the solution gene- 

« 

* Hydrosulphuret of ammonia. 
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nerally becomes gelatinous, and is to be evaporated 
to dryness ; it is then moistened, first with hydro- 
chloric acid, and then with water ; after which the 
silica is separated by filtration and washed. Am- 
monia is added to the solution, which precipitates 
the alumina, and, lastly, the lime is separated from 
the filtered solution by the oxalate of ammonia ; 
the liquor then contains nothing more than the 
fixed alkali, except sal ammoniac : it is evaporated 
to drjmess, and the salt heated in a balanced pla- 
tina crucible, until no more sal ammoniac is given 
off; after which the residue is weighed. This 
should not be heated to fusion, for at that heat a 
part of the alkaline chloride might volatilise : this 
chloride has potassa, soda, or lithia as base ; the 
last is deliquescent, the two former are not so. 
If after the addition of oxalate of ammonia the 
solution be not heated, the whole of the lime will 
not be precipitated; and thus the residue will con- 
tain chloride of calcium, which attracts moisture : 
but its presence is easily ascertained, as the solu- 
tion precipitates with carbonate of ammonia. If 
the mineral contain magnesia, this will remain in 
the calcined mixture, and may be easily separated 
by water, which does not dissolve it, so that its 
weight may be determined. 

There are many means of determining whether 
the alkali present be potassa or. soda: tartaric 
acid^for instance, may be added to the saline solu- 

D 2 



52 gUANTITATIVE ANALYSIS* 

tion, and evaporated gendy, — an acid tartrate of 
potassa then precipitates; or else a solution of 
fluoric acid may be added, which precipitates the 
fluosilicate of potassa. It may likewise be tested 
with a solution of chloride of platinum ; in this 
case a double salt of potassa and platinum preci- 
pitates : if none of these indications are exhibited^ 
soda is the base of the salt present. 

If by chance a mixture of the two alkalies pre- 
sents itself, it is rather difficult to separate them 
so as to determine their proportions exactly. Of 
many methods which I have tried the following' 
has succeeded the best: the salt obtained is 
mixed with 3 J its weight of the crystallised double 
chloride of sodium and platinum ; this proportion 
is just sufficient for the potassium to replace the 
sodium contained in the double salt, should the 
salt examined contain only the chloride of potas- 
sium. The mixture is dissolved in a small quan- 
tity of water, evaporated to dryness by a gentle 
heat, and then treated with alcohol. This men- 
struum dissolves the chloride of sodium con- 
tained in the mixture, as well as the excess of the 
double chloride of sodium and platina, but does 
not act on the double salt of potassium and pla- 
tina which is formed. It is washed with alcohol, 
dried, and weighed : 100 parts of this salt contain 
30.73 of chloride of potassium. By deducting its 
weight from that of the saline mixture employed* ; 
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the quantity of chloride of sodium is ascertained : 
the quantity of the alkali is calculated from the 
weight of the chloride. 

Observation, — The chloride of platinum alone cannot be 
easily employed ; for a slight excess of this salt renders a 
small portion of the potash salt soluble in alcohol ; which, 
besides, has a great tendency to decompose the simple salt 
of platinum. Moreover, the double salt is so soluble in 
water that it is absolutely necessary to use alcohol. 

Fourth Example. When a mineral containing 
alkali is insoluble in acids, it must be reduced to 
a fine powder, and the coarser parts separated by 
water, as we have above directed; then, after 
having dried the powder again, it is calcined with 
five times its weight of carbonate of barytes, ob- 
tained by precipitating the uncrystallised nitrate 
of barytes by carbonate of ammonia. The calci- 
nation is to be performed in a platina crucible, at 
a very high temperature; a semifiised mass is ob- 
tained, which is dissolved in very weak hydro- 
chloric acid : the silica generally remains, in the 
state of an insoluble flocculent powder. The so- 
lution is evaporated to dryness, and is treated as 
before directed to separate the silica. If it be 
wished to determine not only the quantity of 
potassa, but also that of the other ingredients, 
these latter are precipitated by ammonia, and the 
remainder of the process is continued as above 
described ; after which the barytes is precipitated 

D 3 
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by sulphuric acid : but it is better to determine 
the quantity of the other bodies by treatment with 
an alkali; and the quantity of the alkali contained 
in the mineral by a separate process, by means of 
carbonate of barytes. For this purpose, after hav- 
ing separated the silica, a mixture of sulphate of 
ammonia and caustic ammonia is added to the 
liquor ; the alumina, the oxide of iron, and sul- 
phate of barytes precipitate together : their preci- 
pitate is much less voluminous, and consequently 
easier to wash, than that of the alumina alone 
would have been. (An analysis of the precipitate 
may now be made, by treating it with hydrochlo- 
ric acid, which dissolves every thing except the 
sulphate of barytes.) As the filtered solution 
may contain lime, it must be treated with oxalate of 
ammonia, filtered and washed. The clear liquor 
is added to the washings, evaporated to dryness, 
placed in a balanced platina crucible, furnished 
with a cover curved inwards. It is heated with 
great care ; the mass decomposes with a slight 
ebullition, ammonia and sulphate of ammonia dis- 
engage themselves, and there remains a liquid 
mixture, consistmg of an alkaline supersulphate, 
which is capable of supporting a prolonged heat 
before it becomes neuter. In order to drive off 
the last excess of sulphuric acid, I am accustomed 
to place in the crucible, by means of a platina 
spoon, a piece of carbonate of ammonia, which I 
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cover directly with the lid ; leaving the spoon in 
till all the carbonate of ammonia is evaporated. 
The carbonate of ammonia can only be placed in 
the crucible when the mass is perfectly solid, 
otherwise the liquid salt boils and splashes the 
spoon; it is afterwards exceedingly difficult to 
determine the weight of the salt attached to the 
spoon. In this way the excess of sulphuric acid 
disengages itself, unites to the ammonia, and the 
alkaline salt becomes neuter. In order to ascer- 
tain what the alkali united to the sulphuric acid 
may be, the salt is dissolved and crystallised ; the 
sulphate of potassa is then easily distinguished 
from the sulphate of soda or of lithia, when these 
salts alone are present : but when there is a mix- 
ture of these sulphates, or the form of the crystals 
obtained is not well determined, a known quan- 
tity of the calcined salt must be taken and dis- 
solved in water, and acetate of baryta added; 
the filtered liquor is evaporated to dryness, and 
the acetate transformed into a carbonate by cal- 
cination. By treating the residue of the calcin- 
ation with water, the baryta which has been added 
in excess remains in the state of insoluble carbo- 
nate; the solution is next saturated by hydro- 
chloric acid, and evaporated to dryness. If the 
salt so obtained be deliquescent it is the chloride 
of lithium; if it be not so, it must be treated as 
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we have before mentioned with the double salt 
of platina. — ( Vide example 3. ) 

When the mineral contains magnesia, this is 
obtained together with the alkaline sulphate in the 
form of sulphate of magnesia ; its presence is de- 
tected by making a concentrated solution of the 
saline mixture, and by adding to it a great excess 
of caustic ammonia, which precipitates part of the 
magnesia : if this happen, the mixture is evapo- 
rated to dryness, to drive off the ammonia; it is 
re-dissolved in water, and treated with acetate of 
baryta, as we have before said. After calcination 
the magnesia remains insoluble, so that the alkali 
can be separated by water. 

Observation, — Nitrate of barytes was formerly used to de- 
compose minerals containing an alkali : this custom is dis> 
continued, because the nitrate oxidizes the platina crucibles, 
and consequently cannot be employed except when operat- 
ing with silver crucibles, which are themselves slightly 
attacked, so that chloride of silver is obtained with the 
silica; besides, the nitrate of barytes fuses and boils up, 
so that during the calcination losses are sustained from the 
splashing. Gehlen first proposed the employment of car- 
bonate of barytes; more lately Eggertz has tried the em- 
ployment of oxide of lead in the analysis of the albite ; and 
M. Berthier not long since proposed the nitrate of lead for 
platina crucibles, and the oxide of lead for clay crucibles, in 
making the analysis of all minerals containing alkali. Al- 
though the oxide of lead may be used from necessity, it 
nevertheless presents many inconveniences, the principal of 
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which consists in the danger incurred bv the crucibles should 
the lead be reduced, for they will be destroyed ; besides, it 
dissolves easily in hydrochloric acid. The nitric acid must, 
therefore, be employed for the solution of the calcined mass 
then, afler the precipitation of all the dissolved substances 
by ammonia, a large quantity of nitrate of ammonia is ob- 
tained, which swells and splashes during evaporation to dry- 
ness : finally, an alkaline nitrate is procured, from which the 
weight of the alkali cannot be calculated with such nicety as 
from the sulphate or chloride. In a quantitative analysis 
exact results are of such importance, compared with the 
pecuniary value of the tests, that there is no economy in 
neglecting to use the best re-agents that can be procured* 
The weight of the alkali may also be determined by using 
hydrofluoric acid as above mentioned, or a mixture of pure 
fluor spar and sulphuric acid (qualitative analysis^ G), so as 
to render soluble the constituents of the insoluble mineral ; 
the sulphate obtsdned is then examined according to the 
preceding rule. 

Fifth Example. We have now to examine 
combustible bodies ; for instance, a combination of 
the sulphurets of copper, iron, and zinc. 

(A) The compound is pulverised, and treated with 
aqua regia in a glass matrass ; the metals dissolve, 
leaving the sulphur; the digestion is continued 
until the sulphur remains in the form of little drops. 
To accelerate the analysis, these may be separated 
by filtration, washed with care, so that they may 
contain nothing of the solution; then dried by a 
gentle heat, and weighed. Part of the sulphur 
passes to the state of sulphuric acid ; therefore 
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I 

chloride of barium is added to the liquor, the pre- 
cipitate of sulphate is dried and calcuied, and gives 
the quantity of sulphur by calculation according 
to the atomic tables. The excess of barytes is 
next precipitated by sulphuric acid ; or, which is 
better, another portion of the mixture for exami- 
nation is dissolved, to determine the proportion 
of metals. The liquor should be strongly acid ; 
a stream of sulphuretted hydrogen is passed 
through it, which gives a precipitate of bi-sulphuret 
of copper; it is dissolved in nitric acid, the sulphur 
separated from it by filtration, and the copper 
precipitated by an excess of caustic potassa : or 
the excess of acid is driven off by evaporation, 
and just a sufficient quantity of ammonia is added 
to the liquor to redissolve the oxide of copper ; 
afl;er which a solution of caustic potassa is added 
to it, until all the oxide of copper is precipitated, 
and the liquor has lost its colour. This result is 
more easily obtained when the solution is concen- 
trated ; when it is weak, it requires some hours 
completely to precipitate the oxide of copper, 
which is in the state of blue hydrate. When 
ammonia has not been added, the precipitate is 
gelatinous, and difficult to wash ; whilst the pre- 
sence of this alkali renders it granular, heavy, and 
easy to wash. The filtration is performed on a 
weighed filter, and the washing with boiling water ; 
it is next dried and calcined without the filter : 
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the weight of the deutoxide of copper gives that 
of the metal. 

(B) The remaining liquor is mixed with nitric 
acid, and brought to a state of ebullition, either 
to oxidise the iron, or to drive off the excess of 
sulphuretted hydrogen; it is next left to repose, 
and the sulphur which precipitates is separated 
by filtration and washing. The transparent liquor 
is saturated with ammonia, so as to precipitate 
part of the oxide of iron; after which the whole of 
the iron is precipitated by the succinate of soda, as 
above mentioned (Ex.lst, D,) the solutionis filtered, 
the precipitate washed, and the zinc precipitated by 
carbonate of potassa ; the whole is evaporated to 
dryness: all the ammonia being driven off, the mass 
should be alkaline, if all the zinc has been preci- 
pitated. The mass is now treated with water, 
which dissolves the alkaline salt, and does not act 
on the oxide of zinc : this last is washed, dried, 
and calcined. It gives the weight of the zinc, 
which, added to the weight of the sulphur, of the 
copper, and of the iron, ought to give a total equi- 
valent to the weight of the mixture employed. 

Observation, — Klaproth is accustomed to precipitate the 
copper by iron ; the copper so obtained is washed, dried, and 
weighed : but only an approximation to the truth is obtained 
by these means, either because the copper absorbs oxygen 
whilst drying, or because portions of iron, precipitating fre- 
quently, mix themselves with the copper, resembling soot in 
appearance: it is then impossible to determine the exact 
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weight of it. This method is, however, very good when 
performed in the following manner: — Sulphuric acid is added 
to the solution of copper, which, when it contains nitric 
add, is evaporated until this last acid is entirely driven off; 
it is next diluted with water, and boiled. As soon as the 
liquor boils a well polished plate of iron is placed in it, or, 
what is better, a large band of iron plate, cleaned with weak 
sulphuric acid, and the digestion is continued until all the 
copper is precipitated. The copper is next separated from 
the iron, washed with boiling water, and placed in a con- 
venient glass apparatus; then it is calcined, a current of 
atmospheric air being at first passed through it, to burn off 
the carbon deposited by the iron. Afterwards a stream of 
hydrogen is passed through it, to reduce the oxide of copper 
which may form. It is left to cool in this apparatus, and 
the copper is weighed : if it be washed on a filter, and this 
last is burned with those portions of metal which cannot be 
taken up from it, a small portion of silicate of copper b ob- 
tained, the metal not being totally reduced by the hydrogen, 
and must be calculated as oxide, on deducting the weight of 
the cinders of the paper. 

It is impossible to judge of the weight of the 
copper by the precipitate obtained with sul- 
phuretted hydrogen; for the sulphuret oxidizes 
whilst drying, and becomes partially acid: but if a 
determined quantity is taken, which fills a small 
crucible warmed by a lamp, and the mass be 
heated so that the excess of sulphur, the moisture,, 
and the excess of sulphuric acid be driven away, 
and there remains only the copper at the least de- 
gree of sulphurous combination, the weight of the 
copper may be calculated from the weight of this 
protosulphuret 
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Sixth Example. Nature often' affords mixtures 
of metallic compounds which cannot be consi- 
dered as true combinations, but with whose com- 
position it is occasionally important to become 
acquainted. Let us suppose such a mass contain- 
taining sulphur, arsenic, antimony, iron, cobalt, 
nickel, copper, lead, and silver. In this case it is 
of great consequence to separate the electro-nega- 
tive from the electro-positive bodies, which is not 
easily accomplished with exactitude by solution 
in acids. To perform this, a process is employed 
founded on the property possessed by the electro- 
negative bodies of forming volatile combinations 
with chlorine. A bulb is blown in the middle of 
a glass tube about 8 inches long ; the pulverized 
material for analysis is placed in this bulb, and 
weighed in it. The tube is open at the end where 
the gas should disengage itself, and it is curved in 
such a way as to pass into a flask about two thirds 
filled with distilled water ; chlorine is then disen- 
gaged, which ought to pass over chloride of cal- 
cium before coming into the tube. (Vide fig. 2.) 
After having passed through a sufficient quantity 
of chlorine to drive out the atmospheric air, the 
bulb is heated gently with a spirit lamp; the 
metals then begin to unite with the chlorine ; the 
sulphur, the arsenic, and the antimony distil, and 
pass into the water. The action is slowly carried 
on, and should be prolonged for several hours : 
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there is no occasion to wait for the decomposition 
of the whole of the matter employed, for it is but 
partial; and the imdecomposed parts remaining 
the same as before the operation, their weight can 
be deduced.* 

* The following is considered the best process for analys- 
ing minerals of nickel and of cobalt (arsenio-sulphurets) : — 
The bulb B, which is situated near the middle of the tube 
h, and is destined to contain the material, ought to be suf- 
ficiently large to remain about two thirds empty ; the tube 
is first weighed without, then with, the substance. 

The vessel A, from whence the chlorine proceeds, is 
capable of holding somewhat more than two pints. A mix- 
ture of peroxide of manganese and marine salt is placed 
in it, and water is thrown over it, so as to fill at least half 
the flask. The tube T, furnished with chloride of calcium, 
is open at both extremities, and joined to B by means of a 
caoutchouc tube. The superfluous gas is disengaged from 
the flask F through the tube t. All being in readiness, 
sulphuric acid is poured in through the tube with a funnel 
head e. The mixture is heated, and the chlorine disengages 
itself in sufficient quantity : it is necessary to abstain firom 
heating the flask A, for the disengagement of gas will be 
far too abundant. The bulb B is heated with a spirit 
lamp, the flame of which should not be strong; but the 
greatest care should be taken that the chlorine drives away 
all the air, the oxygen of which will make a small quantity 
of arsenic pass into the state of arsenious acid. The re- 
mainder of the operation requires no other attention than 
that of adding from time to time, and when the disengage- 
ment of gas slackens, a fresh portion of sulphuric acid. At 
the end of twelve hours the operation is complete. 

When the current of chlorine passes sufficiently slow, the 
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(a) We first decompose that which remains in 
the bulb; the mass is removed into a glass by 
means of water ; a little nitric acid is added, in 
order to favour the solution of the chloride of lead 
which forms, that which the acid and water leave 
undissolved is a mixture of chloride of silver and 
undecomposed matters. 

(a) The chloride of silver is extracted by 
caustic ammonia ; the ammoniacal solution is satu-^ 
rated by hydrochloric acid; the precipitated chlo- 
ride of silver is washed, dried, and weighed. 

(b) The acid solution contains the chlorides 
of iron, of cobalt, of nickel, of copper, and of lead. 
The lead is precipitated by sulphuric acid, and 



chloride of iron siinply sublimes, without being carried into 
the curved part of the tube b. Nevertheless, for greater 
safety, a bulb less than that at B may be blown in the 
middle of this portion (at the part b) ; the chloride of iron 
which may be carried forward will collect in it The oper* 
ation being finished, part of the volatile acids still adhere to 
the tube 6, from the opening of the bulb to the extremity 
of the tube. The tube is heated in these different parts 
so gently as not to volatilise the chloride of iron which 
may be found in them severally ; a solution of carbonated 
alkali is then thrown through the tube e; the current of car> 
bonic acid resulting from this drives away the volatile acid 
vapours ; lastly, the curved part of the tube is dipped several 
times in pure water, to take off the traces of acid which may 
adhere, and the liquor is added to that which is found in the 
flask F. 
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the liquor, together with the precipitate, is evapo- 
rated to drvness, to drive off the free acid which 
would retain some sulphate of lead in solution. 
The dried mass is treated with water, which does 
not dissolve the sulphate of lead, the quantity of 
which gives by calculation the weight of the lead. 
(c) The liquor is saturated with ammonia 
in slight excess, and the oxide of iron is precipi- 
tated with succinate of soda. 

(J) A great excess of sulphuric acid is added 
to the liquor, from which the copper is precipi- 
tated by sulphuretted hydrogen, and the precipi- 
tate treated as I have directed in the preceding 
example. 

(f) The remaining liquor is boiled to drive 
off the sulphuretted hydrogen. An excess of am- 
monia is added to re-dissolve the oxides of cobalt 
and of nickel that precipitate at first; potassais then 
added until the blue colour disappears ; filtration 
is then performed, and the oxide of nickel which 
remains on the filter is washed, dried, and cal- 
cined ; the proportion of the nickel is determined 
from its weight. 

(y) The remaining red (or slightly coloured) 
liquor is evaporated, so that the ammonia is 
driven olF. The peroxide of cobalt precipitates ; 
it is washed and dried, and is reduced to the state 
of protoxide by strong calcination: its weight 
yields that of the cobalt. 
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(b) The acid liquor into which the volatile 
portions have been received is heated so as to 
drive off the excess of chlorine. A mixture of anti- 
monious acid and sulphur is found at the bottom 
of the flask, which is separated. The liquor con- 
tains hydrochloric, sulphuric, and arsenic acids. 

(a) The liquor is saturated with ammonia, 
in order to be certain that the acids contain no- 
thing m solution capable of being precipitated by 
this alkali. An excess of acid is next added, and 
the sulphuric acid precipitated by the chloride 
of barium (muriate of barytes) ; the arseniate of 
barytes that forms at the same time remains dis- 
solved in the excess of acid. Afler having sepa- 
rated the deposit of the sulphate, the excess of 
barytes is precipitated by sulphuric acid, and fil- 
tration is performed. The liquor contains arsenic 
acid, the proportion of which is determined by the 
following process. 

(b) The weights of all the other substances 
contained in the mineral having been determined, 
the sum is taken, and that which is wanting to 
complete the weight of the matter examined is 
only arsenic. From one and a half to twice its 
weight of pure iron (for instance, iron filings) is 
then dissolved in nitric acid. This solution is mixed 
with that of the arsenic acid, and precipitated by 
caustic ammonia; the precipitate is the arseniate 
of iron. 100 parts of iron, from which J per cent. 
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of carbon is deducted, gives 14 3 "5 of peroxide of 
iron : all that the washed and calcined precipitate 
weighs more than the result obtained from these 
data is arsenic acid, which gives by calculation the 
weight of the arsenic. 

(c) The sidphur mixed with the antimonious 
acid is separated by dissolving the latter in con- 
centrated hydrochloric acid. The sulphur that 
remains undissolved is first washed with hydro- 
chloric acid, then with water ; it is weighed, and 
its weight added to the sulphur contained in the 
sulphate of barytes : the total is the quantity of 
sulphur contain&d in the mineral. 

(d) The hquor containing the chloride of 
antimony is precipitated by the water. The anti- 
monious acid is filtered, washed, dried, and cal- 
cined. The filtered liquor is reduced to a small 
bulk, and the antimony that it still contains is 
precipitated by polished iron, washed, dried, and 
weighed ; its weight, added to that of the antimony 
contained in the antimonious acid, gives the whole 
of the antimony contained in the analyzed matter. 
The whole of the antimony may be at once preci- 
pitated by iron from its solution in hydrochloric 
acid, instead of treating it with water, in the first 
instance. 

In the preceding examples, I have endeavoured 
to combine all those cases which are of most fre- 
quent occurrence. As for those that I have not been 
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able to mention, and those complicated cases for 
which the above-described processes will not an- 
swer, each person ought to consult the properties 
of the bodies whose presence he has ascertained, 
and his individual resources in discovering parti- 
cular methods, setting out with this general rule, 
that that is the best analytical process which de- 
pends least for its accuracy on the skilfulness of 
the operator. 

In every analysis there is an inevitable loss, 
owing to the multiplicity of operations, which 
among practised chemists' rarely amounts to 2 per 
cent., and varies generally between 1 and 2 per 
cent. ; but which, when only two or three bodies 
are separated, ought not to amount to i per cent. 
This loss ought never to be corrected by a pro- 
portional augmentation of the different constitu- 
ents, for it often occurs more in one body than in 
another ; and those analyses the results of which 
correspond exactly to the weight of the matter em- 
ployed, often deserve less confidence than those in 
which a greater loss is honestly acknowledged. 
If the loss exceed 2 per cent, without having to 
deduct from it a fault or a mistake committed 
during the analysis, it is to be presumed that the 
substance examined contains an alkali, or some- 
times an acid, especially the hydrofluoric acid ; in 
this last case the fossil experiences a great loss by 
« ignition, which increases in prolonging the action 
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of the heat Frequently an augmentation of 
weight is discovered instead of a loss : this hap- 
pens among inexperienced chemists, on account of 
the imperfect washing of the precipitates; and this 
is a greater fault than the losses. 

In the hands of a practised chemist the augment- 
ation of weight results from the protoxides of iron, 
of manganese, of cobalt, &c. contained in the mi- 
neral passing to the state of peroxide ; the excess 
of oxygen must then be deducted. This circum- 
stance has often been neglected, and has helped to 
conceal losses. 

There is another cause of the augmentation 
of weight, when, during the precipitation of ah 
oxide or an earth, a basic salt is formed; for 
example, a salt of sulphuric hydrochloric, or of 
another added acid, which does not become decom- 
posed during calcination, or which does not be- 
come so except at a temperature to which bodies 
are seldom heated before being weighed. One 
may be sure that these basic salts form in the pre- 
cipitations by caustic ammonia, when it has not 
been added in excess, and when the liquor is not 
allowed to macerate for some time with the preci- 
pitate. I have said above, that when minerals 
containing alumina are treated with potassa, too 
great a weight of alumina is generally found, be- 
cause this last retains some potassa. In summing 
the results of an analysis, the attention should be 
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especially fixed upon the accordance of these re- 
sults with the chemical proportions. When this 
accordance fails, the result of the analysis ought 
to be regarded as faulty, and the cause of error 
should be sought. When the result of analysis is 
directly opposed to the law of chemical propor- 
tions, care should be taken in citing it as an excep- 
tion to these laws, or as a proof against their just- 
ness, — an exposure which will only show igno- 
rance of the difficulty of obtaining exact results. 
Moreover, a like discordance may happen when 
the analysis has not been made with a pure speci- 
men, or when a purely mechanical mixture is used. 
This disagreement also sometimes occurs when 
isomorphous bodies are examined, crystallized to- 
gether ; but not contracting any chemical combin- 
ation in fixed proportions. 

The quantitative examination of the gases that 
enter into solid bodies is performed in different 
ways. The gas is driven off by means of an acid 
in the moist way; for instance, the carbonic acid 
by the sulphuric or nitric acid ; or otherwise it is 
driven away by calcination. In the first case, a 
glass matrass is weighed with dilute nitric acid 
deprived of nitrous gas. The mineral for analysis 
is weighed in thick pieces of tolerable size, which 
are gently placed in a matrass so as to avoid 
splashing; the matrass is inclined, and a glass 
tube containing chloride of calcium, previously 
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calcined to redness, is weighed and adapted to its 
neck. The gas deposits all the water in this 
tube; and at the end of the operation the last re- 
sidue of gas can be driven away by heat, unless a 
loss of water is to be feared. That which the 
whole apparatus weighs, minus the weight of the 
matrass, of the acid, the mineral, and the tube, 
with the chloride of calcium, is the weight of the 
disengaged gas. 

When a gas is dissipated by calcination, a small 
distilling apparatus is used, similar to that in 
which minerals are calcined, to ascertain the quan- 
tity of water they cohiain. The following is die 
mode in which the operation is performed, in order 
to drive off the water and gas at the same time : 
a bulb of a convenient size is blown at the ex- 
tremity of a glass tube, and the mineral weighed 
in it. The tube is then drawn out at a small dis- 
tance from the bulb into a narrower tube, and 
curved at the same time, so that the whole resem- 
bles a small retort with a narrow neck ; it is then 
weighed again, so that the weight of the mineral 
being known, that of the little retort is obtained. 
A receiver open at both ends is blown for this 
retort ; the neck of the retort is introduced into 
one of the openings of the receiver, and joined by 
means of a caoutchouc tube; the other end ter- 
minates in a small tube containing chloride of cal- 
cium. The receiver and the tube containing cUo- 
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ride of calcium are weighed; the gas and the 
water are driven off at once by the heat : but as 
the gas only is lost, it is easy to ascertain its 
weight by the diminution in the weight of the 
whole apparatus; that which the little retort 
weighs less than before is equal to the total weight 
of gas and water. A drop of water generally re- 
mains in the neck of the retort; in this case the 
neck is cut beyond the place where the drop is 
found, — without, however, detaching it from the 
receiver, — after which they are weighed together ; 
the neck of the retort is next taken out of the re- 
ceiver, it is dried, and its weight deducted from 
the preceding weight. The increased weight of 
the receiver, and the tube containing the chloride 
of calcium, is that of the water; whose weight, added 
to that of the disengaged gas, should answer to 
the loss that the apparatus has sustained weighed 
with the end of the dried neck. 

If the gas to be driven off is ammonia, the tube 
should be filled with fused potassa, and deprived 
of its water of crystallisation, for the chloride of 
calcium absorbs ammonia. Analytical examin- 
ations for determining the gas and water are ne- 
cessary in the analysis of manganese, metallic car- 
bonates, &c. 
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GENERAL RULES FOR THE ANALYSIS OF GASES* 

When the analysis of a gas is desired, it must 
be received over mercury as soon as possible. 
The insoluble gases can be received over water, and 
in this way results sufficiently exact may be ob- 
tained, making the necessary corrections for the pre- 
sence of aqueous vapour ; but it is always a surer 
mode to receive them over mercury, and it is ab- 
solutely necessary to do so in delicate experi- 
ments. In the examination of gaseous mixtures, 
first the volume of the mixture, and, secondly, the 
quality and relative volume of the constituents 
must be exammed. 

To determine the bulk a cylindrical tube is 
used, graduated in decimal divisions of cubic 
measure, observing that the interior and exterior 
levels are equal, and noting the state of the baro- 
meter and thermometer; the thermometer being 
for some time suspended in the graduated tube. 
The volume of gas at the given pressure and tern-* 
perature being determined, they must be reduced' 
by calculation to a mean temperature and pres-^ 
sure; for example. 0.76 pressure and 0° tempera- 
ture.* It is much to be desired that all chemists 

* The 0° of centigrade = 32® Fahrenheit. In thb coun- 
try gases are examined at 60° Fahrenheit, and thirty inches' 
barometrical pressure. — G.O,R, 
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should reduce their results to these fixed points, 
so as to be able to compare without difficulty the j 
results of different examinations. 

In order to determine the nature of the gases | 
tfiat compose a mixture, the following re-agentk J 
are employed: — I 

a. Hydrogen is used when the presence oS 1 
oxygen is suspected in the mixture, or this latter' | 
gas when the mixture contains inflammable gases ;" 
the operation is performed in the eudiometer. If 1 
the mixture contain such small quantities of hy- 
drogen or oxygen that they will not detonate, a 
mixture of hydrogen and oxygen, in which o 
or other of these gases is in excess, according to 
circumstances, must be introduced in known pro- 
portions. After having passed the electric spark, 

it is observed whether the condensation be greater 
than it should be according to the proportion of 
the mixture ; if it lie so, a portion of the j)rimitive 
gas under analysis has been exploded. 

b. A solution of neutral protosulphate of iron, 
or, what is better, of protochloride of iron. This 
dissolves nitrous gas readily, assuming a black or 
dark-brown colour. 

c. A solution of the neutral acetate of lead is 
darkened by the contact of combustible gases c 
taining sulphur or phosphorus. 

d. Barytic, or lime water, absorbs carbonic a 
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becoming opaque, as also sulphureted hydrogen, 
without this effect being produced. 

e. Peroxide of lead absorbs sulphurous acid. 

f. Soda, or hydrate of potassa, absorb all the 
acid gases. Cyanogen is also absorbed by these 
alkalies, and renders them black or brown when 
it is in excess, — a colour which is dependent on its 
decomposition. 

g. Borax absorbs all the acid gases except 
carbonic acid and sulphureted hydrogen. 

h. Chloride of silver absorbs ammonia, sul- 
phureted hydrogen and phosphureted hydrogen, 
and disengages hydrochloric acid, by the action 
of these two last, without acting upon other gases. 

i. Fused chloride of calcium and crystallised 
boric acid absorb ammonia, and leave most of the 
other gases. 

h Crystallised boric acid absorbs fluosilicic 
acid gas. 

L Chlorine condenses olefiant gas, and empy- 
reumatic oily vapours, when in the dark, and 
leaves the protocarbureted hydrogen for condens- 
ation, for which purpose the daylight is neces- 
sary. In the sun an explosion takes place with the 
chlorine, the excess of which gas is removed by 
potassa. 

m. Potassium separates carbonic oxide from 
carbureted hydrogen : when heated in the gaseous 
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mixture it oxidises at the expense of tliis gas, and 

entirely condenses it. 

n. Incombustibility and the absence of all posi- J 
tive signs denote the presence of azote. 

o. The composition of a gaseous mixture is ' 
oflen tested by introducing into it papers steeped 
in different re-agenls : blue paper or red turnsole 
paper, to discover whether the gas be acid or a 
line J paper dipped into a solution of sulphate of ■ 
iron, to know whether the gas contain hydro*Ll 
cyanic acid, &c. &c. 

As to the quantitative analysis of gases there is I 
no other rule than that of employing the before* I 
mentioned re-agents successively, and of conclud- 
ing the quantity of each gas from the absorption 
they produce. TTie analysis of gases performed 
by a person sufficiently practised in its execution 
affords the surest results; for the mistakes i 
seldom so great, but that, on comparing the rela- 
tive volumes of the gases, the true results are per- 
ceived, conformable to the laws of chemical pro- 
portion : but if, during an analysis, part of the 
elements is determined by weight and another 
by the measure of gases and their reduction into 
weights, greater faults may be committed than if 
the result had been obtained entirely from weights. 
Cases, however, occur in which one is obliged to 
proceed thus, — cases in which not only extreme 
precision is necessary, but also a precise know- 
£ 2 
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ledge of the density of the gas whose weight is to 
be deterxnined 



ANALYSIS OF MINERAL WATERS. 

The employment of these waters in medicine 
has given the greatest interest to this branch of 
analysis. The substances generally met with in 
the waters from Swedish springs are the chlorides 
of sodium and potassium, the chlorides of cal- 
dum and magnesium (rarely a small proportion 
of alkaline or calcareous sulphates), the alkaline 
carbonates, the carbonates of lime, magnesia, of 
protoxide of iron, sometimes of protoxide of man- 
ganese ; moreover, they all contain silica, dis- 
solved without the assistance of an acid or an 
alkali. To the salts before named may be added, 
with regard to the waters of great towns, the 
nitrates of potassa, of lime, and of magnesia. 
When these waters re-act, as if containing free 
acid, it is owing to the presence of a small quan- 
tity of carbonic acid, which is then the solvent of 
the earthy carbonates. Some waters also contain 
sulphureted hydrogen; but in such small quantity 
that its presence can be discovered only by partly 
filling a glass, covering it with the hand, and 
shaking it violently ; after which, the uncovered 
glass being quickly carried to the nose, a slight 
smell of sulphureted hydrogen is perceived. 
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Most of the Swedish waters contain likewise a 
portion of that soluble substance which forms part 
of tlie soil, and which is generally called extrac- 
tive matter. Usually they do not contain suflS- 
cient to become coloured, at least when the 
volume of water is not greatly reduced by boiling, 
in which case they at last assume a brownish- 
yellow colour. Some waters contain sufficient of 
this matter to be coloured in their natural state ; 
for instance, the water of Porla, the colour of which 
is brownish yellow. Our mineral waters contab, 
besides, azote, without oxygen, which latter has 
been absorbed by the iron or extractive matter 
during their course. 

They generally contain such a quantity of 
azote as is found in a water impregnated with 
atmospherical air, but whose oxygen has been 
absorbed without being replaced by azote. ' 

This property varies in proportion to the dis- 
tance of the water from its source. 

The nature of the substances dissolved diilers 
much in these waters ; for instance, the spring of 
Loka contains water from the purest source at 
present known. The fountains of Stockholm 
contain a great quantity of nitre : the spring of 
Runnaby contains protosulphate of iron. Our 
common mineral waters, for instance, of Medevi, 
of Saetra, of Ramloesa, Porla, contain protocar- 
bonate of iron, some with, others without, alkali. 
E 3 
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The springs of Stockholm, as well as that of Sidnt 
Ragnildo near Soederkoeping, are common springs, 
which only differ in contfdning more earthy car- 
bonates. 

In other countries, especially in Germany, there 
are springs highly charged with foreign inatters : 
many contain a quantity of carbonic add equal 
to the volume of water; for instance, the waters of 
Sdtz, of Pyrmont, and of Faching, Others con- 
tain great quantities of sulphureted hydrogen^ 
mixed with carbonic acid and azote ; as the waters 
of Aix-la-Chapelle. The quantity of salts coiir 
tamed in these waters is very great compared to 
the Swedish waters. The waters of Fachipg^ of 
Geilnaw, and of Seltz, contain much carbonate of 
soda, whilst the waters of P3mnont, of Meinbf^g, 
and of Spa, contain a great quantity of catbonat^ 
of iron. 

The waters of Seidlitz and of Seidschutz con- 
tain great quantities of sulphate and hydrochlorate 
of magnesia, &a 

The mineral waters are divided into four classes, 
ferruginous, alkaline, saline, and hepatic waters* 

Many waters may belong at the same time to 
several classes ; they are then arranged according 
to the character which predominates. 

The following are the names of some of the 
most celebrated waters : — 

First. — Ferruginous waters. 
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a. Waters purely ferruginous, viz. Medevi, 
PyrmonL 

b. Alkaline ferruginous waters, viz. Porla, 
Saetra, Ramloesa, Adolfsberg, Spa, Eger, 
Marienbad. 

Second. — Alkaline waters, viz. Carlsbad, Ma- 
rienbad, Bilin, Faching, and Seltz. 

Third. — Saline waters viz. Seidschutz, Seid- 
litz, Epsom, and Pyrmont. 

Fourth. — Hepatic or sulphurous waters, viz. 
Aix~l a-Chapelle. 

I am here going to give some rules for the 
analysis of mineral waters which I have often 
had occasion to practise upon those of Sweden. 
The qualitative analysis is performed by means of 
the re-agents, as will be seen. By these means it 
is easy to discover the nature of the substances 
that a water contains; and an experienced eye may 
at once conclude, by the greater abundance of the 
precipitates, the greater or less quantity of the 
diiFerent matters contained in the fluid. 

EXAMINATION OF MINERAL WATERS BY RE-AGENTS. 

We should observe, 

a. The colour and transparency of the water. 

b. Its smell, according to the method above 
mentioned, for discovering the presence of sulphu- 
reted hydrogen. 

E 4 
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c. Its taste, which may be saline, bitter, or like 
that of ink ; it must be remembered, however, that 
the disagreeable taste which some springs appear 
to have in the morning, which is not discoverable 
during the day, signifies nothing, for it is depend- 
ent on the variable conditions of the organ of taste. 

d. In the following way it may be ascertained 
whether a water contain a less or greater portion 
df volatile substances. A bottle is fiUed with the 
W&ter destined for examination, and half emptied; 
the mouth is then stopped with the thumb, the 
bbttle is shaken strongly for some minutes, and 
then turned with the neck downwards, and the 
thumb is withdrawn sufficiently to see whether 
any water escapes which may be received in a 
glass in order to determine its quantity. Care 
must be taken to hold the bottle in such a man- 
ner that it may not be heated by the hand during 
the agitation, so that the dilatation only of the 
air contained in the bottle may not occasion an 
erroneous result. 

These trials having been made, if possible at 
the spring, the analysis is continued, by re-agents» 
as follows : — Thirteen glasses are taken, ten ai^e 
filled with the fresh water for examination, and 
three with prepared water that has been boQed at 
le^t for half an hour, and that has been filt^ed 
after cooling. The following re-agents are next 
dropped into the glasses: — 



First. — Tincture of turnsole (prepared witii 
cold alcohol and cakes of turnsole : alcohol pre- 
serves the tincture unaltered for a length of time). 
When the water into which a few drops of this 
tincture have been thrown assumes a red shade, 
the presence of a free acid must be concluded : if, 
on the addition of a greater quantity of tincture, 
the reddish liquor assumes a bluish tint, the 
quantity of acid is small; and if the reddened 
water becomes blue again after from twelve to 
twenty-four hours, and the tincture of turnsole 
added to one of the glasses containing the boiled 
mineral water does not become red, the acid con- 
tained in the water was the carbonic : a dark 
permanent red colour denotes the presence of a 
metallic salt. 

Second, — Lime water saturates free carbonic 
ucid, so as to occasion a precipitate of neutral car- 
bonate of lime; the earths and metallic oxides 
which had been dissolved in the carbonic acid 
precipitate at the same time. If the water con- 
tain free carbonic acid, the precipitate is redis- 
solved by the addition of a sufficient quantity of 
this water. In order to make the experiment well, 
it is commenced by allowing a few drops of lime 
water to fall into the water : the troubling which is 
at first occasioned afterwards disappears. If the 
water do not contain free carbonic acid, but 
only bicarbonates, the troubling caused by the 
E 5 
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lime water does not disappear, whatever quantity 
pf the mineral water may be added^ The jns^ 
rity of Swedish waters that I have examined) CQn« 
taining carbonic acid, act in this maimer. 

Third. — The tincture of Brazil wood pai^aes 
from a yellowish brown tx> a beautiful red when 
the mineral water contains an alkali or an earthy 
carbonate. 

Fourth, — The chloride of barium precipitates . a 
sulphate of barytes. An alkaline water ought to 
be mixed with acid, before adding the barytic so* 
lution to it, so as to prevent the re-action of the 
alkali on the barytic salt : few Swedish waters con- 
tain sulphates in considerable quantity. 

Fifth. — Nitrate of silver indicates the presencie 
of the chlorides which precipitate it in the form of 
a white and thick cloud. If in the first instance the 
precipitate is black or brown, the presence pfsul- 
phureted hydrogen may be concluded. Some- 
times after a short interval the supernatant liquor 
assumes a wine-red colour, still preserving it$ 
transparency. This efiect, according to the ex- 
periments of M. Hermbstaedt, is owing to tlie 
presence of an acid and volatile body, which he 
supposes to be the sulphureted or phosphureted 
hydrogen : he has found it both in the w^ter of 
the Baltic Sea, and in that obtained from it by 
distillation. 

Sixth. — Oxalate of ammonia and the add oxa-^ 
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Ute of potassa precipitate an oxalate of lime which 
deposits slowly. 

Seventh. — The sobphosphate of ammonia added 
to the filtered liquor shows the presence of mag- 
nesia. 

Eighth. — Caustic potassa precipitates t^e earths 
and metallic oxides from their solution in acids. A 
white precipitate, which after some time becomes 
yellow, indicates the presence of iron, or else of a 
certain quantity of extractive matter that colours 
the precipitate. 

Ninth. — Bicarbonate of potassa precipitates the 
earthy and metallic oxides, when dissolved in any 
other acid than the carbonic. 

Tenth. — Ferro-cyanuret of potassium gives a 
green colour to alkaline ferruginous waters, and a 
greenish-blue precipitate deposits after some hours. 
If the water be not alkaline, or when the alkali 
has previously been saturated with an acid, the 
precipitate immediately assumes a blue colour. 
In the previously boiled water the ferro-cyanuret 
of potassium does not react when the iron lias 
been held in solution by the carbonic acid. 

The red ferro-cyanuret is still more sensible 
than the yellow one, because the spruigs contain 
iron in the state of protoxide, with which this last 
re-agent inunediately forms a blue precipitate. 

Eleventh. — The neutral deutochloride of gold 
produces a troubling in ferruginous waters, ac- 
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ODcding to M. Ficinus; causing a precipitate: iof 
metallic gold, which is visible even in waters on 
ndiich the prussiate of potassa and gall-nut pro- 
duce no e£fect ; but it is necessary that the &ee 
acid should be first saturated by carbonate of soda. 

Twelfth. — Gallic acid, or, in lieu of this^^the 
aicobolic infusion of nut galls, does not at first 
{MToduce any change in a ferruginous water just 
drawn, but after some time the water becomes 
gradually coloured. A clear purplish colour, 
which does not increase after some hours, indicates 
an exceedingly small quantity of iron. Our fisr- 
mginous waters generally give a very dark pur- 
ple colour; and those which contain more iron 
assume a blackish-brown colour. Waters that 
contain much alkali give a dirty colour, between 
green and dark brown. Waters containing so 
little iron that its presence cannot be demonstrated 
by tincture of galls alone re-act sensibly, accord- 
ing to Mr. Philips^ when a little lime water, or,, 
what is better still, a solution of carbonate of lime 
in carbonated water, is added to them. 

When gallic acid does not produce a purple 
colour in the boiled water, the protoxide, of iron 
lias been held in solution by the carbonic add.; 
and if the boiled water assumes, after some boors, 
a sea-^green colour with the gallic acid, it contains 
jsome alkali. 

This re-action is so delioU^ that it setveasto 
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demonstrate the smallest quantities of alkali ; but 
for that purpose it is necessary that the water 
should have been boiled some length of time, for 
otherwise the alkaline re-action may be owing to 
the presence of carbonate of magnesia. 

A crowd of other re-agents exist, but their em- 
ployment has never taught me any thing new; 
and those that I have enumerated have always 
sufficed. 

By collecting together the substances detected 
by tbe preceding experiments, those that can be 
combined are easily known ; and as they are to be 
united according to the affinities ascertained to be 
strongest, it is easy to indicate, with tolerable cer- 
tainty, what were the salts dissolved in tbe water. 

' ANALYSIS OF THE SOLID PARTS OF THE WATER. 

- A certain quantity of the water is weighed or 
measiu'ed, placed in a glass or porcelain capsule, 
covered by paper, and evaporated at a gende heat, 
which ought not to be raised to the boiling point : 
in this way the mass is reduced nearly to dryness. 
If the water contain a great quantity of gas, it is 
necessary to leave it in the open air for forty- 
^bt hours, or else to cover it over at the com- 
mencement of evaporation with a glass, from 
which the particles projected by the effervescence 
may be made to fall by washing. 
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It is useless to be at the trouble of evaporat- 
ii^ to perfect dryness to obtain the weight of the 
salts ; for this attempt is fruitless, on account of the 
difficulty experienced in withdrawing the mass 
from the vessel without loss, if the vessel be not 
of such a size that it can be weighed first with the 
saline mass, then alone. But much is not gained 
in any case, for the mass retains moisture, and 
cannot be perfectly dried, unless the extractive 
matXer be destroyed, so that the result of the 
weighing does not give any satisfactory result* 

First. — The mode of examming the dry mass 
varies, according as it contains free alkali or 
earthy salts: the latter alone are the cases I 
am about to describe. 

(A) Alcohol is thrown on the mass, macerated 
for some hours, and filtered on a weighed filter : 
to make the saline mass fall on the filter, the 
feather of a pen and alcohol are used. The mass 
is next washed on the filter with boiling alcohol 
so long as it dissolves any thing. The alcoholic 
solution contains the chlorides of potassium, of 
so(&im, of calcium, and of magnesium, the extrac- 
tive matter, which gives it a red. or yellowish-^ 
brown colour, and a resin in some instances 
which appears to vary with the springs. 

The alcohol is evaporated on a balanced glaaa 
capsule, and the residue is weighed ; it is again 
dissolved in alcohol: the resm remains bdiind*. 
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When the water coatains earthy chlorides, which 
almost always happens when it does not contain 
an alkali, the earths are precipitated by boiling 
with carbonate of soda ; but it is well to add a 
few drops of caustic ammonia before hand : if this 
cause a precipitate, it will be phosphate of lime 
or some true earth : this may be ascertained by 
the examination of the precipitate ; and if it be 
composed of lime and magnesia, these two earths 
are separated by the mode described in the second 
example on the analysis of minerals. 

The liquor precipitated by carbonate of soda is 
saturated with nitric acid, and precipitated by 
nitrate of silver. The precipitate is collected on 
a weighed filter, washed, and dried completely: 
the weight of the hydrochloric acid is deduced 
from the weight of the precipitate. 

Tlie presence of potassa is next sought in the 
liquor from which the hydrochloric acid has 
been precipitated; for this purpose the excess of 
nitrate of silver is precipitated by a httle hydro- 
chloric acid or marine salt (chloride of sodium) : the 
Uquor is filtered, and evaporated until crystalliza- 
tion commences ; it is then mixed with the double 
salt of soda and platina, as I have above directed 
in the third example. The quantity of potassa, 
lime, magnesia, and hydrochloric acid, is now as- 
certained. 

The quantity of hydrocliloric acid requisite for 
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the saturation of these bases is ascertained by cal- 
culation ; and by the deduction of this quantity 
fixnn the total weight of the hydrochloric acid the 
portion of acid united to the soda may be known^ 
and consequently the weight of the soda : in tins 
manner, therefore, the quantity of each of these 
four salts maybe determined in the anhydrous state. 
It is true that the extractive matter dissolved in 
alcohol is lost : but it is impossible to deternnn^ 
its proportion with exactitude, since it mixes itself 
throughout ; besides, the determination of it is of 
very little interest at present. 

(B) Lukewarm water is thrown upon those per- 
timis remaining in the capsule, and the whole 
is added to the residue left by the alcohol on the 
filter ; and the addition of warm water is to be 
continued so long as the filtering liquor holds any 
thing in solution. That which now dissolves con- 
sists of the sulphates of lime, magnesia, and soda, 
rarely that of potassa. A drop of ammonia is 
first added to the liquor, and if a precipitate fonns, 
it must be examined apart : the earths are next 
precipitated by carbonate of soda, and the quan- 
tity of sulphuric acid is determined by the chlo- 
ride of barium ; after which the calculation is 
made, as we have before directed, for the 'chlo>- 
rides of these bases. 

(C) If the salts s<duble in alcohol contam* 
nitrates also, the analysis becomes complicated* 
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When the weights of the bases and of the hydro- 
chloric acid have been determined, it may be ad- 
mitted that tlie cjuantity of nitric acid suffices for 
the saturation of the excess of the bases. Another 
mode of determining the quantity of nitric acid is 
that of mixing a given weight of the salts, soluble 
in alcohol and water, with copper filings and hy- 
drochloric acid, the deutoxide of nitrogen that 
evolves is collected, and the weight of the nitric 
acid is concluded from its volume ; or else the 
qaantity of the dissolved copper is determined, 
and the portion of decomposed nitric acid is calcu- 
lated from it. If the alcoholic solution contain 
nitrates, the salts insoluble in alcohol always con- 
tain the nitrate of potassa, a circumstance to which 
particulnr attention must be paid. 

(D) Withrespect to the waters that contain gyp- 
sum (sulphate of hme), the parts insoluble in cold 
water should be boiled for some time with three 
hundred times their weight of water : this ebulli- 
tion is best performed by small portions. The 
solution of sulphate of lime thus obtained is eva- 
porated, and the salt calcined in a covered platina 
crucible : the mass generally has a yellow colour 
before the calcination, owing to the presence of a 
portion of extractive matter. 

(E) The portions which cannot be removed 
from the capsule, eitlier by alcohol or by the wa- 
ter that is afterwards added, are detached by means 
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of hydrochloric acid, which dissolves thfi pdrtiohs 
insoluble in water, remaining on the filter (vide 
B). It is often useful to calcine the mass before 
solution to destroy the remaining extractive mai^ 
ter. The hydrochloric solution contains irmi^ 
manganese, lime, and magnesia, that are to be se- 
parated by the mode we have above described. 
Some waters contain carbonate of strontian, fluo- 
ride of calcium, the phosphates of lime and of 
alumina ; for instance, the waters of Carlsbad^ of 
Koenigswart, and of Eyre in Bohemia. The 
strontian is obtained, together with the lime, from 
which it is separated, on treating the two earths 
with nitric acid, evaporating to dryness, and di- 
gesting the residue with pure alcohol, which does 
not dissolve the nitrate of strontian. The pre* 
sence of hydrofluoric acid is ascertained by dis- 
solving the earths in an excess of nitric acid, and 
evaporating the solution to dryness in a platina 
crucible covered with a watch glass: after die 
desiccation the traces of hydrofluoric acid are 
visible on the glass ; but it is impossible to deter- 
mine the quantity of this acid with any exactness, 
especially as it is generally very small, and the 
presence of silica complicates the operation. When 
the quantity of hydrofluoric acid is not very small 
it can be determined in the following manner :— 
The residue insoluble in water is dissolved in very 
dilute nitric acid, filtered and washed several times 
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with a little water, after which a few drops of a 
aolution of potassa are added to the acid liquor, 
which ought not to be concentrated by evapor- 
ation, care being taken not to saturate the whole of 
the acid. After some time a gelatinous deposit 
forms, which is thrown on a filter and washed 
with alcohol: strongly dried, the. fluosilicate of 
potassa so obtained contains a9'4 per cent, of 
hydrofluoric acid, and 28-47 of silicic acid. The 
earthy phosphates are precipitated by ammonia, 
together with the peroxide of iron : the alumina is 
separated by caustic potassa, which also seizes on 
its phosphoric acid : the phosphate of lime is ob- 
tained by separating the iron either according to 
Mr. Herschel's method, quoted in the first ex- 
ample, or by a solution of ferro-cyanuret of potas- 
sium, as we have above mentioned. The hydro- 
chloric acid leaves the silica, which often enters, 
proportionally to other substances, in considerable 
qoantity in our spring waters. 

Second. — The analysis of alkaline waters is 
more simple; they are evaporated to dryness : the 
salts thus obtained are calcined and weighed, after 
which they are saturated with acetic acid. The 
sulphuric acid is next precipitated by the acetate, 
or nitrate of baryta, and after having separated 
the precipitate the water is treated with nitrate of 
silver. It must be remarked, however, that be- 
fore the precipitation by nitrate of silver, it is pro- 
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per to add nitric acid, in order that the acetate 
|E)f silver may not precipitate. If nitric acid be 
added at the commencement of the operatian} 
it will be difficult to separate the sulphate of bar 
ryta from the whole of the nitrate of this base. 
From these data it is easy to calculate the quan- 
tity of sulphates and chlorides contained in the 
mixture of salts. The overplus is an alkaline car- 
bonate. These waters sometimes contain phos- 
phates, which are discovered, when, after the 
precipitation of the excess of nitrate of silver by 
hydrochloric acid, the liquor is supersaturated 
with ammonia in a well corked flask : phosphate 
of baryta with excess of base then precipitates. 
Should it be now wished to ascertain the presence 
of the alkali the liquor is evaporated to dryness, 
and the salt so obtained is digested with a solution 
of carbonate of ammonia, which does not dissolve 
the baryta. The clear liquor is evaporated, and 
the calcined salt is treated, as above stated, with 
the solution of platina. 

Before quitting the analysis of waters by evapora^ 
tion, lought to mention a compoimd that frequently 
exists in sulphurous waters ; Mons. Basse and 
Westrumb discovered it in the sulphurous waters 
of Hameln, in 1805, and have called it ** resine 
puante." The water is evaporated in a retort 
furnished with a receiver ; alcohol is thrown on 
the mass, which has been evaporated nearly to 
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dryness. TTie alcohol dissolves this resin, and tbe 
salts soluble In this liquid. Tbe alcoholic solu- 
tion is separated, mixed with a little water and 
distilled. After having driven off the alcohol this 
resin remains in the form of a yellowish oil on the 
surface of the water. This oil becomes decomposed 
in the nir, at the same time depositing sulphur, 
and becomes transformed into a resinous and car- 
bonaceous matter, that has a very disagreeable 
odour, and is not precipitated by water from its 
alcoholic solution, but dissolves with difliculty in 
the water. The alcoholic solution of this sub^ 
stance re-acts as an acid. > 

This " resine puante" is composed of a resinoua 
mass united to sulphur and sulphureted hydrogen, 
and is analogous to that obtained by meltuig oils 
or resins with sulphur. It is asserted thatit can also 
be obtained by dissolving sulphuret of potassium, 
in boiling alcohol : precipitatuig the potassa and 
sulphur by a quantity of sulphuric acid sufficient 
for tbe saturation ofthepotassa, mixing the Bltered 
liquor with a iitde water and distilling it. The- 
alcohol is decomposed, and this resinous sulphu- 
reted matter is formed. 

It is thought that it is produced in the interior 
of the earth by the sulphur of the sulphuret of 
iron and naphtha. 
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EXAMINATION OF THE GASES CONTAINED IN 

MINERAL WATERS. 

A known quantity of water for examination is 
put into a round bottle, capable of containing 100 
to 200 cubic inches, leaving, unfilled, only two 
cubic inches in the neck. The mouth of^ the 
bottle is closed with a good cork stopper, fbr- 
nished with a tube to let off the gases, which is in- 
serted into a flask capable of containing fifty cubic 
inches, four fifths filled with lime water and caustic 
ammonia. The tube should reach nearly to the 
bottom of the vessel, and all access of air between 
the tube and the opening of the flask should be 
prevented by a loosely fitted cork. The bottle is 
plunged some inches in a sand bath, and heated 
by degrees mitil the water boils, and the boiling 
should be continued for an hour. When the 
water approaches the point of ebullition, the gas 
begins to come off, and the lime water absorbs the 
carbonic acid, occasioning a precipitate of carbo- 
nate of lime. The ammonia acts in such a way 
that the carbonic acid is not carried off by the 
aqueous vapours without being absorbed. When 
the vapour of the water that distils does not appear 
to contain gas, which is easily seen by the perfect 
condensation produced, the flask is removed and 
corked, and when all the carbonate of lime has 
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deposited, the greater part of the supernatant li- 
quor is removed by a syphon. The carbonate of 
lime is thrown on a tilter. It often happens that a 
part of the carbonate crystallises on the inner sur- 
face of the flask and adheres strongly. This adher- 
ent residue must be well washed to free it from lime 
water, afterwards itis dissolved in hydrochloric acid, 
and precipitated from the neutralised solution by 
oxalate of ammonia. This precipitate is thrown 
on the filter that contains the carbonate of lime : 
it is washed, dried, and calcined, and the quantity 
of carbonic acid is calculated in weight and vo- 
lume from the weight of the carbonate of lime.* 
In order to ascertain the presence of sulphureted 
hydrogeu, nitrate of silver, which has first been 
saturated by ammonia, is added to the water. The 
black ijrecipitate that forms when the water con- 
tains sulphureted hydrogen, and which is snlphuret 
of silver, gives by calculation the quantity of sul- 
phureted hydrogen. The quantity of atmosphe- 
rical air, or of azotic gas, is ascertained by filling the 
bottle and the tube diat transmits the gases with 
the water for examination, so that no more free air 
remains, and by receiving the air that disengages 
itself during ebullition in on inverted vessel con- 
taining lime water or a weak solution of caustic of 
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potassa. The gas thus obtained is measured in 
a graduated tube, and its nature determined ac- 
cording to the rules laid down for the analysis of 
gases. 

Most of the Swedish waters that I have ex- 
amined contain carbonic acid and the proportion 
of nitrogen generally contained by these waters. 
The spring of Porla is an exception, for it con- 
tains no trace of oxygen, and is so impregnated 
with azote, that this gas rises in the form of bub- 
bles, of greater or less size, as the water recedes 
from the spring and the pressure diminishes : the 
bubbles disengaged are a mixture of seven parts 
of azote with one of carbonic acid, and a little car- 
bureted hydrogen : it is, however, probable, that 
the carbonic acid only mixes itself with the azote 
during its ascent ; for the water does not contain 
as much carbonic acid as it might retain at its 
temperature, which ought to happen if the pure 
carbonic acid gas rose from the soil of the spring 
in the form of bubbles. 
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Rules foi- obtaining a KnoTdedge of Salts fro. 
Reaction of their Acids. 

(A) Oxj-salts." 

1. Sulphates. Their characteristics consist of 
those belonging to the radical, and those which 
appertain to the acid. The former are found in 
all salts with sulphureted acids, the latter are 
characteristic of sulphuric acid. The phenomena, 
which result from the presence of sulphur are the 
following : — The salt, mixed with charcoal pow- 
der, and heated in a closed vessel, is transformed 
into a sulphuret : this is what happens to 
alkaline sulphates, and many metallic sulphatei 
or else the salt disengages sulphurous acid, whi 
volatilizes, and the base remains in thi 
oxide : this is what takes place with the sulphates 
of magnesia, the earthy sulphates, and some me- 
tallic sulphates. When a sulphate is operated on 
whose base is capable of tbrming a less oxygenated 
salifiable oxide, a sulphuret and sulphurous acid 
are obtained at the same time. In order to dis- 
cover the presence of sulphur in a positive man- 

■ Salts rormed by the combination of acids with oxyge- 
nated bases. 
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ner, the following experiments are performed : — 
The matter for examination is mixed with carbo- 
nate of soda, and the mixture heated on charcoal 
in the reduction flame of the blow-pipe. A por- 
tion of sulphuret of sodium then forms, in which 
the presence of sulphur is known by cutting off 
the charcoal at the place where the fused mass 
is foimd, placing it on a piece of silver, and throw- 
ing a few drops of water on it. The sulphur im- 
mediately darkens the silver ; when the quantity 
of sulphur is very small, the metal becomes brown 
after a short time. A few drops of acid may also 
be thrown upon the fused mass that is found on the 
charcoal; a very sensible odour of sulphurated 
hydrogen then developes itself. Another method, 
discovered by Gahn, suffices to discover very 
small quantities of sulphur, especially in some mi- 
nerals that do not contain metals. It consists in 
fusing the matter for examination in the reduction 
flame with carbonate of soda and a small piece of 
glass, which, to succeed well, should first be fused 
together with the soda. A sulphuret of sodium is 
then obtained, dissolved in the glass, which is co- 
lourless while hot, and becomes yellow, or red, 
during refrigeration. If only a small quantity of 
sulphur be present, the glass remains transparent; 
in the contrary case, it becomes entirely opaque, 
. The characteristics of sulphuric acid are the 
foUowiug: — The dissolved salt^ mixed with m 
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solution of a barytic salt, gives a precipitate of sul- 
phRte of baryta, insoluble in water and acids. 
The sulphates insoluble in water are soluble in 
hydrochloric acid, and precipitated by a solution 
of chloride of barium. It must be observed that, 
in this case, the latter salt is precipitated by all 
strongly acid solutions, and, consequently, that 
the acid solution should be very dilute before the 
chloride of barium is added. The insolubility of 
tlie ])recipitate in acids should be tried ajiart ; for 
greater certainty, the precipitate may also be 
heated in the manner I have just described for 
ascertaining the presence of sulphur. 

Sulphuric acid forms acid salts with a few 
bases, in which the quantity of acid is doubled. 
It forms many salts with excess of base, in which 
there are thrice, six times, and occasionally twice 
the quantity of base that is in the neutral salts. 

2. Hyposidpkates. In the solid state these 
salts are known by disengaging sulphurous acid 
on calcination, leaving a residue of neutral sul- 
phate. When the solutions of these salts are 
boiled with sulphuric acid, they disengage sul- 
phurous acid without depositing sulphur, and with> 
out troubling the liquor. 

S. Sulphites. They have a particular smell, 

peculiar to sulphurous acid, which is likewise 

perceivable when the salts exist with an excess of 

base. Sulphuric acid disengages sulphurous acid 

F 2 
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from them without the assistance of heat, and 
without altering the transparency of the solution. 
Dissolved in water, they absorb oxygen from the 
air, and pass to the state of sulphates. Heated in 
the solid form in an alembic, they are decomposed 
in such a way, that three fourths of the salt pass 
to the state of sulphate, and one fourth to metal- 
lic sulphuret. It is for this reason that these salts 
detonate slightly with nitre. Sulphurous acid 
appears to form neutral salts with the alkalies, 
which contain double the quantity of acid found in 
its neutral combinations with the alkaline earths ; it 
resembles many other weak acids in this respect, 
viz., the carbonic, molybdic, and tungstic. 

4. Hypostdphites. Calcined in closed vessels, 
one half of these salts passes to the state of sul- 
phate, whilst the other half is transformed into 
metallic sulphuret. Mixed in solution with hy- 
drochloric acid, they disengage sulphurous acid, 
known by its odour, and give a deposit of sulphur 
immediately, or after a short interval : on heating 
the solution the precipitate forms very quickly. 
They may also be known by their dissolving re- 
cently precipitated chloride of silver, assuming a 
saccharine taste. A solution which does not con- 
tain any sulphate, but an hyposulphite, gives, when 
mixed with a solution of nitrate of silver, a white 
precipitate, which soon becomes brown, and finally 
black. On this account^ M. Pfa£P regards nitrate 



ANALYSIS OF THE SALTS. 101 

of silver as a very sensible reagent on the hypo- 
sulphites. When these salts are found mixed in 
a solution with sulphosalts, or with a soluble sul- 
phuret (liver of sulphur), it is not easy to ascertain 
their jiresence. The non-oxygenated sulphur 
must then be precipitated by a salt of lead or 
copper, for these bases form soluble salts with 
hypo sulphurous acid; they are then tested with 
hydrochloric acid, as I have just stated. 

5. Nitrates. Mixed with powdered char- 
coal, or with any other combustible body, they 
detonate on being heated ; in solution, their pre- 
sence is ascertained by mixing the solution witli 
hydrochloric acid, adding gold leaf and heating it; 
the gold dissolves and the liquor becomes yellow, 
but as this effect may also be produced by the 
chlorates and iodates, the following test must be 
likewise employed : — A small quantity of proto- 
sulphate of iron is dissolved in water, mixed with 
sulphuric acid; the liquor to be examined is added, 
and some copper chips placed in it If the solu- 
tion contain nitric acid, it assumes a dark colour 
after a short time, owing to the reduction of the 
nitric acid, by the copper, to the state of deutoxide 
of azote, which dissolves in the protosall of iron, 
and colours it. 

Nitric acid does not form acid salts, but salts 
with excess of base, which contain twice, thrice, 
and six times as much base as the neutral salts. 
F 3 
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6. Nitrites [hyponitrites). These give, in part, 
the same reactions as the nitrates; but the mixture 
with hydrochloric acid does not dissolve gold ; in 
a concentrated state the solution appears yellow, 
but on dilution the colour disappears. The ni- 
trites, treated with sulphuric acid, disengage red 
vapours of nitrous acid even when cold, whilst, 
under the same circumstances, the nitrates pro- 
duce white vapours of nitric acid. Solutions of 
nitrites disengage the deutoxlde of azote slowly 
when boiled in distilling vessels : they then be- 
come transformed to nitrates ; two thirds of the 
azote disengages itself in the form of deutoxide of 
nitrogen, whilst one third is transformed into 
nitric a*id : with the contact of air they change, 
during ebullition, into neutral nitrates. No acid 
nitrites are known. In the basic salts, there exist 
twice or four times as much base as in the 
neutral. 

7. Phosphates. The presence of phosphorus 
in the solid state is known by fusing a little of the 
salt with boric acid on charcoal, by means of the 
blow-pipe ; when the mass no longer swells, and 
the glass quietly subsides, a small piece of iron 
wire is added to it; then the bead is heated as 
strongly as possible. The phosphoric acid is re- 
duced ; the phosphorus forms a phosphuret with 
the iron, which fuses into a globule ; the glass is 
left to cool ; it is broken, and the phosphuret of. 
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iron withdrawn with the point of a magnetic 
knife. If the salt does not contain a sufficient 
(]Uimtity of phosphorus to fuse all the iron, the 
iron wire will be enlarged at the place where the 
fiised phosphuret is found, which should not be 
confounded with the roughness of the iron pro- 
duced by the oxidation of its extremities and pre- 
servation in the centre, in cases where salts do 
not contain phosphoric acid. If the phosphate be 
in solution, the phosphoric acid is discovered by 
the addition of lime water, which gives a white, 
flocculent, almost gelatinous precipitate; this \a 
phosphate of lime, which is to be treated before 
the blow-pipe with boric acid and iron wire. Me- 
tallic salts, insoluble in water, or salts whose re- 
duction might confuse the results, are dissolved 
or mixed with hytlrochloric acid ; after which, the 
cold acid liquor is saturated by recently pre- 
cipitated hydrated oxide of iron ; it is next filtered 
and boiled. A salt of iron with excess of base 
then precipitates, which contains phosphoric acid; 
its presence is demonstrated as above by means of 
the blow-pipe. 

M. M. Vauqueiin and Th^nard have given the 
following method for establishing the presence of 
phosphorus in a salt. Potassium is placed at the 
bottom of a closed glass tube ; the material for 
analysis, well dried, is added, and heat is applied ; 
the excess of potassium sublimes. On cooling, 



lOi ANALYSIS OF THE SALTS. 

mercury is thrown into the tube; it is gently heated, 
SO that the potassium combines with it, and the 
mass is turned out ; moist air is then blown on it, 
and the mass is removed after some moments ; if 
it contained phosphorus, it will give out a strong 
smell of phosphureted hydrogen. 

Another means of knowing the phosphates con- 
sists in their giving from their neutral solution a 
white precipitate with nitrate of lead, which fused 
before the blow-pipe assumes, at the moment of 
congelation, crystalline facettes; a property pe- 
culiar to phosphate of lead. 

Phosphoric acid combines with bases in more 
proportions than any other acid except the arsenic, 
which resembles phosphoric acid in this respect. 
It forms, on the one hand, acid salts, in which 
the quantity of acid is 1^, 1^, and twice as great 
as in the neutral salts ; and, on the other hand, salts 
with excess of base, which contain Ij, 1^, 1 J, 2, 
2 J, and 3 times more of base than neutral salts : 
nevertheless, the acid combines only with certain 
bases in these proportions, and many of these 
combinations are not the production of art, but of 
nature. Most frequently there exists twice as 
much of acid, and 1 J more of base than in neutral 
salts, in which the oxygen of the acid is to that of 
the base, as five to two. 

8. Phosphites, As regards the presence of 
phosphorus, these salts react like the phosphates ; 
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but they differ from them in yielding, on calcination, 
phosphorus or phosphureted hydrogen, which en- 
flame and leave a residue of phosphate. Their 
solutions have an alliaceous smell of phosphorous 
acid; they reduce solutions of gold, silver, and 
mercury, and precipitate the metals. Basic phos- 
phites exist, in which the base is two or four times 
more in proportion than in the neutral salts. 

9. Hj/pop/iosphites resemble the preceding, as 
respects llie reaction of the phosphorus, from 
which they are distinguished by the circumstance 
of the phosphites being precipitated by lime or 
baryta water, which does not happen with the 
hypophosphites. 

10. Chlotaks, These detonate strongly when 
heated with charcoal, or any other combustible 
body; treated with hydrochloric acid, they dU- 
engage chlorine or its oxide. By calcination, they 
yield oxygen, and become transformed into metal- 
lic chlorurets. 

11. Cklorites possess the taste and smell of 
chlorous acid ; tliey bleach and destroy vegetable 
colours ; hydiochloric acid disengages chlorine and 
its oxide. 

They form basic salts, in which the proportion 
of base is doubled. 

12. lodates detonate feebly with combustible 
bodies, yielding oxygen by calcination, and leav- 
ing iodurets, 

F 5 
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13. Borates, When decomposed by dilute and 
boiling sulphuric acid, they deposit, on cooling, 
crystalline plates of boric acid; when the acid 
liquor is evaporated to dryness, and the mass di-» 
gested with alcohol, it acquires the property of 
burning with a green colour; when ignited on 
cotton soaked with the solution, the green colour 
is always very discernible, at least towards the 
termination, even when the quantity of boric acid 
is so small that it does not crystallize. Turner re- 
commends the following process for ascertaining 
the presence of a minute portion of boric acid com- 
bined with other bodies. Fluor spar is pulverised, 
and in order to procure an exceedingly fine 
powder, the minuter portions are separated by 
water from those less comminuted : one part of 
this is taken and mixed completely with 4^ parts 
of dried bisulphate of potassa ; this flux is mixed 
with an equal quantity of the substance for ex- 
amination, which has been triturated ; the mass is 
slightly moistened and placed in the ear of a thin 
curved platina wire, on which it is heated before 
the blow-pipe, so as to hold it in the point of the 
blue flame (that is to say, rather nearer the wick 
than the extremity of the blue flame). At the 
moment the mass fuses, it is surrounded by a 
beautiful green flame, if it contain boric acid j but 
this flame quickly disappears, and cannot again be 
produced with the same mass : it is therefore ne- 
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cessary to avail one's self of the moment of il 
appearance. By these means the presence i 
boric acid may be known with sufficient certainty},! 
but we are wanting in reagents to separate it, whei4a 
it exists in small quantity. Most of the borate 
are very fusible before the blow-pipe, and ] 
with a degree of swelling, owing to the diseiigagei*J 
ment of water. 

Boric acid has such feeble affinities, and com- 
bines with bases in so many proportions, that it is 
difficult to say which of these combinations should 
be regarded as neutral ; nevertheless, it is proba- 
ble that borax (native borate of soda) is a neutral 
combination ; and in this salt the capacity of the 
acid for saturation is one-sixth of its oxygen^ j 
or 1 1*468 ; other borates exist, in which the oxy-* 1 
gen of the acid is to that of the base as 1 2, 6, 4, 3j j 
and 2 are to I. 

14. Carbonates are dissolved by acids wil&l 
effervescence, owing to the disengagement of 1 
carbonic acid ; most of them lose their acid by I 
calcination ; others, when calcined to redness, after j 
being mixed with powdered charcoal ; in this cas^ i 
carbonic oxide gas is disengaged. They foral I 
acid salts, in which there is Ij and double the" 
quantity of acid and basic salts, that contain two 
and four times more of base than those in which 
the oxygen of the acid is double that of the base. 

15. Oxalates in solution are recognized by 
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the precipitate they form with the salts of lime, 
even when the liquor is slightly acid, and by 
their property of precipitating metallic gold 
from its solutions at the boiling temperature. In 
the solid and dry state, they decompose on cal- 
cination without becoming carbonised. Those 
bases that retain carbonic acid at a red heat (po- 
tassa, soda, baryta, strontia and lime), remain in 
the state of carbonates and disengage carbonic 
oxide gas ; those bases which lose carbonic acid, 
but are not reduced (magnesia, the earths properly 
so called, the protoxides of manganese, of cerium 
and of chromium), remain in the state of oxides, 
whilst they disengage a mixture, in equal volumes, 
of carbonic acid and carbonic oxide gas ; lastly, 
those bases which are easy of reduction leave a 
residue of metal, with the disengagement of car- 
bonic acid; this is the case with most metals. 
Lead and zinc remain in the state of suboxides, 
and disengage carbonic acid and carbonic oxide. 
The oxalates, with excess of acid, contain twice 
and four times as much of it as the neutral salts. 

16. Silicates, Acids precipitate the silicic acid 
from them in the form of a semitransparent gela- 
tinous mass. The alkaline silicates dissolve en- 
tirely in acid, and deposit silica during evaporation 
in the gelatinous form. The best method of dis- 
covering silica in the insoluble silicates, is to fuse 
them with three to four times their weight of car- 
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bonate of potassa ; the fused mass is then treatfti] I 
with dilute hydrochloric acid: mixed with purbl 
fluor spar and sulpliuric acid, they yield on dife+il 
tillation the iluosllicic gas : this last is an exomiki 
ation which should be nuuie in metallic vessels. ' 

Before the blow-pipe, the silicic acid is dis- 
covered by fusing with phosphate of ajiiraonia and 
soda; the silicic acid dissolves in very small quan- 
tity, whilst the greater part swims in the glass, in 
the form of a swollen mass, which, on cooling, pro- 
duces the appearance of opal. Regarding as 
neutral the salts in which the silicic acid contains 
three times as much oxygen as the base, it forms 
acid salts that contain 1^ and twice as much acid; 
and basic salts, in which the base is multiplied by 
1^, three and six. 

17. Acetates. The best mode of discovering 
these salts, consists in mixing them in the dry 
state or in very concentrated solution, with sul- 
phuric acid ; the acetic acid that disengages is 
known by its peculiar smell. In the dry way, 
they are carbonized, yielding combustible gases 
and empyreumatic oil. No acid acetates are 
known : in the basic acetates, the base is multi- 
plied by tliree and by six. 

18. Tartrates. When mixed with bisulphate 
of potassa, they deposit after a time crystals of 
bitartrate of potassa. On adding a solution of 
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alum, or of a persalt of iron, to the solution of a 
tartrate, and adding an alkali to the liquor, no 
precipitate forms, when care has been taken to 
add less of the salt of alum or iron, than the pre- 
sumed quantity of tartaric acid can hold in solu- 
tion, for the alkali will precipitate the excess. In 
the dry way these salts are known by the charac- 
teristic odour disengaged by the tartaric add, 
when it is decomposed at a high temperature. 

In acid salts the tartaric acid is in double pro- 
portion; only one salt i$ known, with excess of 
base (tartrate of potassa and antimony), whose 
formation leads to the supposition that taitaric 
acid follows the same laws as the phosphoric in 
its basic salts. 

19. Citrates. It is not easy to distinguish 
these from the reaction of their acid. They pre- 
cipitate the neutral salts of lead, the same as most 
of the vegetable acids; when the precipitate is 
collected, and ammonia thrown on it, it dissolves; 
which property characterises the citrate of lead. 

20. Malates, The soluble malates form a pre- 
cipitate of malate of lead with the neutral nitrate 
of lead, which dissolves easily m boiling water, 
and crystallises on cooling in scales like mother of 
pearl. Malate of zinc dissolves also when warmed, 
and deposits in the form of needles on cooling. 
Malic acid, separated by sulphureted hydrogen 
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from the crystallised malate of lead, deposits in 
the form of irregular crystals, resembling the 
cauliflower ia appearance. 

21. Benzoates. This acid, but little soluble 
in water, is easily separated by hydrochloric and 
sulphuric acids ; it precipitates in the form of 
needles, ar of elastic plates unalterable by air, 
more soluble in alcohol tlmn in water, and which, 
when lieated, partly decompose whilst the re- 
mainder sublimes. Nitric acid dissolves them 
without alteration. The benzoates precipitate the 
persalts of iron of a brick colour. No acid ben- 
zoates are known. In those with excess of base, 
the latter is three or six times more in proportion 
than the acid. 

22. Gallates. These darken the solutions of 
persalts of iron and transform them into ink: dis- 
solved iu water, they are quickly decomposed, 
becoming yellow, green, and finally brown ; the 
base remains combined with carbonic acid, ae 
with some other substance proceeding from the4 
decomposition of the acid. 

The gailates follow the same law as the ben- ' 
zoates in their different degrees of saturation. 

23. Mucoles. These are generally but little 
soluble: treated with hydrochloric acid, they give a 
deposit or residue of mucic acid, which is very 
slightly soluble in water. 
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The mucates when they are calcined give out 
an odour similar to that of the tartrates. 

24. Formates. When the sulphuric acid is 
thrown on a formate, a smell of ants is perceived : 
mixed with nitrate of silver and gently heated, 
they reduce the silver ; water, and carbonic acid^ 
which disengages itself, then form. 

The different degrees of saturation of the form- 
ates are like those of the acetates. 

25. Succinates possess a smell like that of suc- 
cinic acid. They precipitate the persalts of iron 
of a pale red colour. Hydrochloric acid easily 
separates the acid of these salts. Crystals of suc- 
cinic acid, when heated, totally sublime, if pure, 
and dissolve more easily in warm than in cold 
water or alcohol. 

The different degrees of saturation of the suc- 
cinates are the same as those of the acetates. 

S6» Cyanates. Water and acids decompose 
them in such a way that they become transformed 
into carbonic acid and ammonia, without any trace 
of hydrocyanic acid. 

27. Fulminates^ when heated, occasion a vio- 
lent and dangerous explosion. The oxygenated 
acids decompose them with a sensible disengage- 
ment of hydrocyanic acid. 

28. Seleniates. These are easily known by the 
odour they exhale when heated before the blow- 
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pipe. Treated with sulphurous acid they yield 
selenium, which appears when cold of a red brick' 
colour, and at a boilbg temperature of a greyish 
black colour. Mixed in the solid form with sal 
ammoniac and heated in a distilling vessel, they 
disengage selenium reduced by the ammonia. ' 
When hydrochloric acid is added to them, and' 
then sulphureted hydrogen, a yellow precipitate 
is obtained, which, on drying, assumes anorange'' 
colour. 

In the acid salts there exist two and four times**' 
more acid than in the neutral salts; selenic acid 
has little tendency to form salts with excess of 
base, and their composition is not yet ascertained. 

29. Arseniates are known by the smell they 
give out when heated with the blow-pipe in the 
reduction flame. Fused with boric acid and 
powdered charcoal in a glass tube closed at one 
end, they yield a subbmate of metallic arsenic. 
The presence of arsenic being established, the 
arsenic acid is distinguished irom the arsenious by 
the brown precipitate that the nitrate of silver 
produces in the arseniates. They are also preci- 
pitated by lime water, like the phosphates. The 
deposit is examined before the blow-pipe. The 
insoluble arseniates, dissolved by nitric acid, yield 
a precipitate with acetate of lead, consisting of sub- 
arseniate of lead, which fuses before the blow-pipe 
and becomes reduced, occasioning a strong disen- 
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gagement of arsenical vapours. The arseniates 
supersaturated with a very weak acid, are dif- 
ficultly decomposable by sulphureted hydrogen, 
and only after a prolonged action ; the decompo- 
sition is easily effected when a concentrated solu- 
tion is used. The precipitate is bright yellow. 

They form acid and basic salts in the same pro- 
portion as the phosphates. 

30. Arsenites. To discover the arsenic they are 
treated like the arseniates. They differ from them 
in this respect, viz., that nitrate of silver produces 
a bright yellow precipitate, especially when they 
are well saturated, and the hquor does not contain 
free acid. The arsenites treated with acid in ex- 
cess give instantly, with sulphureted hydrogen, a 
beautiful yellow precipitate. They produce a 
green colour with copper, known by the name of 
Scheele's green ; this reagent is not, however, cer- 
tain. Heated in the solid state in distilling ves- 
sels, they often yield arsenious acid or metallic 
arsenic ; in this latter case, an arseniate remains 
in the retort. 

Their different degrees of saturation have not 
been sufficiently examined ; but they appear to 
correspond to those of the phosphorous acid.* 

* When speaking of arsenious acid, M. Berzelius enters 
at great length on the means of establishing its presence in 
cases of poisoning. When the arsenious acid can be pro- 
cured in the solid form fi-om the stomach or intestines^ he 
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31. Chromates are distinguished by their 
yellow, orange, or red colour. Before the blow- 
pipe they colour the fluxes green, both in the 
reduction and oxidation flame. Mixed with me- 



enda that it should be separated from the aDimal 
tissQCB by immersion and agitation in water, when the acid, 
from its greater specific gravity, will collect at the bottom of 
the vessel; and, on decanting the aupematant liquor, may he 
reduced to the metallic state by simply being heated to red- 
ness with charcoal tpreviously calcined by the blow-pipe, 
to deprive it entirely of moisture) in a narrow glass tube, 
which is drawn out at one end, so as to render it of Btill 
smaller diameter, and then sealed at the narrowest extre- 
mity, or in a tube like that represented in fig. 1.; he recom- 
mends that the tube t>e held horiEontally in the lamp flame, 
and that the arsenic be not much heated until the charcoal 
(which is placed over the arsenic) be first brought to rednesB 
by holding it at the edge of the flame, whilst the arsenic 
being quite at the bottom of the tube, remains at first but 
slightly heated; the metallic arsenic will thus sublime and 
condense in the narrow part of the tube. He says that this 
plan succeeds on a portion of arsenious acid, so small that 
it is but just lai^ enough to be carefully removed into the 
tube without being lost. 

In cases where the poison exists in the stomach in the 
fluid state, Valentine Rose recommends that the matter be 
boiled in water, containing a few grains of caustic potassa, 
and then filtered; the filtered solution is again boiled, and 
whilst in this state nitric acid is added, so long as any pre- 
cipitate appears, and until the liquor becomes clear and 
yellow; the boiling solution is now filtered, and nearly sa- 
iiirated with carbonate of potasaa, care being taken to drive 
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tallic chlorides and concentrated sulphuric acid, 
they disengage a red gas, with the aid of heat ; 
which gives out smoke in the air and dissolves in 
water, colouring it yellow or red. Treated with 



away all carbonic acid. Lime water is then added, which 
combines with the excess of nitric acid, and precipitates with 
the arsenious acid, as arsenite of lime, but in a very impure 
state ; this precipitate is washed on a filter and dried, and 
may be reduced by boric acid and charcoal, in the tube before 
mentioned. 

M. Berzelius recommends that the liquor be boiled in an 
alkaline solution, which is to be afterwards saturated with 
hydrochloric acid, and filtered; this liquor may now be tested 
with sulphureted hydrogen, when, if arsenic be present, a 
yellpw precipitate of sulphuret is produced, which is to be 
thrown upon a small quantity of fused nitre at the bottom of 
a tube; an arseniate of potassa is formed, which is dissolved 
in a little distilled water, and decomposed by a solution of 
lime, which precipitates arseniate of lime ; it may be well to 
mention, that boiling much facilitates the formation of this 
precipitate. The test of reduction practised by M. Berzelius 
is performed with charcoal only, for though boric acid, when 
added, causes the sublimation to be produced at a much 
lower temperature, yet it swells so much by heat, that it 
should be avoided as much as possible in delicate operations. 
In using hydrochloric and sulphuric acids, care should be 
taken that they contain no arsenic, which is sometimes the 
case when they are prepared with arsenical pyrites; this 
source of fallacy is easily avoided by testing the acid re- 
agents with a stream of sulphureted hydrogen. 

The processes of Berzelius and Rose are in many points 
objectionable, and do not equal that proposed by Dr. Chrw* 
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alcohol and hydrochloric acid, they disengage 
ether, and become transformed intoprotochlorurat. 
of chromium, which colours the liquor green. 



tison, either in simplicity or accuracy ; thus, the arscniate 
of lime is partly lost during the washinf;a, being far from io' 
soluble in water ; and the arseniate, when heated with chat" 
coal, even by the full red heal of a blow-pipe, only yields 
one third of its arsenic iu the metallic state. Dr. Christisoo'B 
proceES consists in boiling the mass in distiUud water for 
half an hour, (wbich he has satisfactorily proved is capable 
of dissolving the arsenic present, provided the matter ex- 
amined be previously cut into shreds) ; it is then fillned 
and acidulated with acetic acid, which precipitates the 
casein, Sec; the liquor is again filtered and treated with 
fiulphureted hydrogen; the sulphuret is collected on a filter, 
and reduced with black Hia,, in a tube similar Co thtrt 
employed by Berzelius and Rose. Before treating the 
liquor with sulphureted hydrogen, it is well to see if the 
aminoniacal nitrate of Eilver give its characteristic yellow 
colour with the aalution, which eSect, if produced, will 
indicate that it is ready for the passage of the gas, but if it 
do not act sadsfactorily, a necessity will be indicated for 
the further purification of the liquor, which may be effected 
by simply evaporating it to dryness, and boiling the residue 
with distilled water, when a liquor will be procured, which 
may be tested with the sulphureted hydrogen. As regards 
the quantity of sulphuret capable of giving satisfactory 
evidence of the presence of arsenic, I have produced a per- 
fectly characteristic metallic crust from a portion of sul- 
phuret not larger Ulan half a grain of mustard seed; and 
this when freshly precipitated and dried, and therefore in a 
loose and uncondensed form. — G. U.S. 



il8 ANALYSIS OF THE SALTS. 

The acid chromates contain a double quantity 
of acid, and the basic chromates 1| and twice the 
quantity of base contained in the neutral salts. 

S2. Molybdates possess a weak metallic taste. 
Acids produce in them a precipitate that dis- 
solves in a greater excess of acid, nitric acid 
excepted. On placing zinc in the weak metallic 
solution it becomes first blue, then green, and be- 
comes black and opaque, by the continued action 
of the zinc ; lastly, the protoxide of molybdenum 
precipitates. If, instead of using zinc, the acid 
liquor be digested with copper, it becomes tran- 
sparent and of a dark red colour: mixed, when dry, 
with sal ammoniac and heated, the molybdates 
yield a black mass, which treated with water leaves 
oxide of molybdenum, either alone, or in the state 
of metallic chloruret, mixed, if it be insoluble, with 
the base. 

In the reduction flame of the blow-pipe they 
give a brown mass with the fluxes, and yield me- 
tallic molybdenum, when mixed with carbonate of 
soda, or else an alloy of this metal with the radical 
of the base, if this be reducible. 

In the acid molybdates the quantity of acid is 
doubled. 

33. Tungstates. These possess a bitter metaUic 
taste* Acids precipitate the tungstic acid from 
them, which is Insoluble in a greater excess of 
acid. If the acid mixture is digested with fme^ 
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they first become blue, then coppery red ; the 
colouring matter is not, however, in solution : it 
is the oxide of tungsten, which, when the zinc is 
withdrawn, quickly passes to the state of acid. 
JMixed with the animoiiiaco-phosphate of soda, 
and heated m the reduction fliune of the blow- 
pipe, these salts communicate a blue colour to 
the flux, unless the base of the salt be itself 
coloured ; in tliis case it must first be separated 
by means of an acid. The blue colour becomes 
yellow in the oxidation flame, which distinguishes 
these salts from oxide of cobalt, which remains 
the same in the two flames. A little metallic tin 
reproduces tlie blue colour more easily than the 
reduction flame alone. If the tungstate contain 
iron, the glass obtained in the reduction flame will 
be red, and green if it contain tin. With car- 
bonate of soda ihey yield (in the same flame) 
tungsten, or alloys of that metal. 

They resemble the molybdates as regards their 
different degrees of saturation, 

34. Anlimoniates and Anlimonites. Acids form 
precipitates with them, insoluble in an excess of 
acid. On passing a stream of sulphureted hy- 
drogen through this mixture, the precipitate 
assiunes an orange colour. Digested with the 
acid tartrate of potossa (supcrtartrate of potassa), 
and then with hydrochloric acid, whilst a piece 
of polished iron is placed in the mixture, the 
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antimony becomes reduced, and precipitates as 
a dark powder, easily known for antimony by the 
ease with which it fuses and bums. Tartaric 
acid troubles the solutions of antimoniates, but 
on the application of heat, the precipitate dis- 
solves in a sufficient quantity of tartaric acid. 
There exists no other way of distinguishing the 
antimoniates from the antimonites than to separate 
the acid, and to try whether it disengage oxygen 
when heated. The metallic antimoniates are 
difficult to demonstrate. The acid must be ex- 
tracted by a hydrosulphate (hydrosulphuret), 
and the sulphuret of antimony precipitated by 
hydrochloric acid. 

35. Tellurates are all but little soluble. On 
charcoal they are reduced by the blow-pipe with 
the greatest ease, occasioning a detonation ac- 
companied with a green flame. The best mode 
of establishing the presence of tellurium is by 
heating the matter for examination in a test tube 
with a little potassium ; aftei'wards the mixture is 
placed in a small quantity of water, which, when 
it contains tellurium, assumes a red-wine colour, 
owing to the alloy of tellurium and potassium. 

36. Columbates. Their acid is insoluble in 
hydrochloric acid, and the hydrosulphates (hydro- 
sulphurets) produce no alteration in them. The 
silicates and titanates are similarly circumstanced ; 
but the columbates differ from the first by the 
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milky colour of the acid, when it has been separ- 
ated by stronger acids ; by their weight, and by 
the property they possess of yielding, when heate<S 
by the blow-pipe with fused borax, a transparent 
glass, which becomes white on cooling, or whea 
after being cooled it is again submitted to a gentle 
heat. They differ from the titanates, in as much 
as they do not colour the fluxes (columbic acid 
dissolved in the acid oxalate of potassa gives a 
yellow precipitate with the ferro-cyanuret of potas- 
sium : with the infusion of nut galls the liquor 
first becomes orange- yellow, and gives a pre- 
cipitate of the same colour, on the addition of 
a greater quantity of the infusion). 

Tlieir different degrees of saturation are little 
known. In the native columbates with excess of 
base, the base is multiplied by 1^. and three. 

37. Tilanates. In the moist way they re-act 
like the preceding, but, mixetl with the ammo- 
niaco-phosphate of soda, and heated in the re- 
duction fiame of the blow-pipe, or by adding a 
little metallic tin to them, they produce a glass, 
whose colour is a beautiful purple approaching to 
blue, which becomes darker while cooling, and 
passes nearly to black when too much of the ma- 
terial has been used. 

B. Ilaloide salts.' 

* A name used in diatinguishing salts formed from non- 
oiygenatcd bases (from &\s salt, and nJoi resemblance). — 
G. O. K. 
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38. ChUnnirets (or chlorides). In the moist wajr 
they are distinguished by giving with nitrate of 
silver a white precipitate insoluble in all acids^ 
and very soluble in ammonia. Heated with con^ 
centrated sulphuric acid and peroxide of man-*^; 
ganese, they disengage chlorine. Before the 
blow-pipe they are recognised, by first fusing 
some ammoniaco-phosphate of soda with the 
black oxide (peroxide) of copper nearly to the 
saturation of the free phosphoric acid, and then 
adding a little of the salt for examination ; chlo- 
ruret of copper then disengages itself, which for 
some moments gives a blue colour to the flame 
which surrounds the little glass bead. 

Few acid chlorurets are known; but some 
exist with excess of base formed by the chloruret 
and the oxide of the same metal; the oxide then 
contains 1, 2, S, and 4 times as much metal as the 
chloruret. 

39. lodurets. In a dissolved state they give a 
deposit of iodine by the action of a solution of 
chlorine or of nitric acid, easily known by the 
colour and smell which the liquor assumes. When 
the iodine is in small quantity, the best mode of 
discovering it is to mix it with starch, to which it 
communicates a colour that varies according to 
the proportions of iodine and starch, which may 
be red, brown, black, or blue. When the iodu- 
rets ar^ foixed with chlorurets th^ examinadon is 
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differently conducted, especially when the quan- 
tity of iodine is small, since, on adding the nitric 
acid, the chloriodic acid forms, which does not I 
colour the starch. In this case the starch is dis-' ' 
solved in a little weak boiling snlphuric acid ; the 
solution is mixed with the liquor for examinalionj 
some drops of a solution of chlorine are added, 
and the mixture is shaken. 

If the solution be too dilute, the re-action may I 
be imperceptible. Before the blow-pipe thfi* ' 
iodurets are recognised by a test similar to that 
which I have recommended for the chlorurets ; at 
the moment when the ioduret is added to the flux, 
the flame assumes a beautiful green colour. 

40- Fluorides. These salts, when mixed with' I 
sulphuric acid, act upon glass. When they are 1 
in solution, sulphuric acid is added to them, and 
the mixture is thrown on a plate of glass, the sur- 
fece of which is covered with a coat of wax, on 
which a drawing has been made so as to expose 
some portions of the surface of the glass. The 
liquor is left to ilry on it. 

When only very small quantities of the sub- 
stance are used, or else a compound containing, 
but little fluoride, or which is silicious, the solu- 
tion is evaporated on a watch glass ; this how- 
ever must be made of glass that is unacted on by 
other acids : afterwards, on dissolving the salt, the 
glass is seen to be affected in those places where 
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the saline mass remained during the desiccation* 
It is always best to employ the matter for exanun- 
ation in the solid form: when it contains silica 
the following process must be employed, which is^ 
besides, a very good mode of discovering the least 
trace of fluorine in a mineral. The material is 
placed in a glass tube eight or ten inches long, 
and open at both ends : it is fixed near to one of 
the openings of the tube, or else on a small piece 
of platina foil in the form of a half circle, which is 
introduced into this glass tube: this extremity of 
the tube is then inclined downwards, and heated 
to redness with the blow-pipe: the flame is di- 
rected into the tube, so that the products of the 
calcination are driven through it. The heat now 
disengages fluosilicic acid, which condenses in 
the interior of the tube with the water formed by 
the flame, and deposits silicic acid, which, after 
being heated to evaporate the water, remains in 
the form of rings the size of drops. 

The colourless fluorides, when placed in water, 
refract the light nearly to the same extent as this 
liquid, so that they disappear in it in some de- 
gree. Their neutral solutions, even those of 
potassium and sodium, cannot be either evaporated 
or preserved in glass vessels without acting on 
them. Some fluorides form acid salts by covor 
bining with hydrofluoric acid ; and by uniting 
with the oxide of their metal (or base) they give 




ANALYSIS OF THE SALTS, 125 

rise to salts with excess of base, in which there 
are 1, 2, 3, and 4 times as muoh metal as in the 
fluoride. 

41. Borofluorides i^twborates). Distilled when 
dry, they yield fluoboric gas and a residue of me- 
tallic fluoride. Distilled with sulphuric acid they 
yield a portion of liquid liydrofluoboric acid, be- 
sides this gas. 

Their composition is such that the electro-posi- 
tive metal contains four times more fluorine than 
the fluoride, and half as much boron as the neutral 
oxy-salt. 

42. SiUcofluorides{fluosilicates). Heated when 
dry, they yield fluosilictc gas, leaving a residue of 
metallic fluoride. Heated with sulphuric acid, 
they disengage a great quantity of fluosilicic gas. 
The alkalies separate from their solutions cither 
the silicic acid alone (in these cases the salts are 
with alkaline bases), or a raetalbc fluoride united 
to the silicic acid (salts with alkaline earths for 
bases), or a silicate of the oxide (salts with earths 
or metallic oxides for base). 

In these salts, the electro-positive metal con- 
tains three times aiore fluorine than the fluoride, 
aud the quantity of silicium necessary to form an 
oxy-sall, in which the silicic acid contains twice 
as much oxygen as the base. 

43. Ci/anurets. They give a dark blue pre- 
cipitate with the salts of iron (Prussian blue), or 
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a white precipitate which becomes blue by con- 
tact with air, even when the liquor contains a 
great excess of acid. 

44. Stdphch^anurets are as easy to distin- 
guish as the preceding, for they occasion an in- 
tense red colour with the persalts of iron, but an 
.excess of acid destroys it. This red colour is alsp 
produced by some vegetable acids, such as the 
jneconic, and by some combinations but little 
known of chlorine and iodine with fulrainic acid« 

( C) Stdpho^alts. A small number only of these 
salts are as yet known. 

The following is a mode of preparing them, which 
deserves to be added to those methods abready 
shown, to which I refer.* A stream of sulphu- 

♦ These methods are as follows :— 

a. The sulphuret of potassium dissolved in water is mixed 
with the electro-n^ative sulphuret, which dissolves to the 
saturation of the sulphuret of potassium : this salt is then 
used to transform an oxy-salt, which contdns another base, 
into a sulpho-salt, by double decomposition. 

h. The hydrosulphate of the sulphuret (hydrogureted 
sulphuret) of potassium is mixed with the electro-n^atire 
isulphuret, which dissolves with efiervescence driving o£P the 
sulphureted hydrogen, as a stronger acid drives away the 
carbonic. 

c. The electro-negative sulphuret is dissolved in caustic 
potassa : the metal then passes to the state of acid fit the 
expense of the potassa, and combines with another portioii 
X)f potassa to form a metallic acid salt: the reduced po- 
tassium unites with the sulphur which is separated from th« 
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reted hydrogen is passed through the neutral 
solution of an oxy-salt so long as absorption takes 
place, and with certain salts; for instance, the 
tellurets and the seleniates, until a precipitate 



electro-negative metHl, and the sulphiiret of potassium 
enters into combination with the non-dec a mpoEcd metallic 
Bulphuret. It i9 thus that the suIphnrcC of arsenic dissolves 
in potassa, with the formation of sulphuret of potassium, and 

if. When a solution of hydrosulphate of sulphuret of po- 
tassium is mixed with a metallic acid, this last transforma 
itself into a metallic sulphuret at the expense of the sul- 
phureted hydrogen ; but as the metallic sulphuret so formeii 
is hot suffidenC for the saturation of the sulphuret of po- 
tassium, a portion of this lust is decomposed : the potassiuni 
passes to the state of potassa by means of the oxygen of 
the metallic acid, and the electro-negative metal unites 
with the sulphur of that portion of potassium to which it 
has yielded its oxygen. The potassa formed combines with 
part of the metallic acid, so that m this case a sulpho-solt 
and an oxy-salt are formed at the same time. When the 
escpcriment is made with the hydrosulphate of sulphuret of 
ammonium (hydrosulphuret of ammonia) and arsenious 
acid, or the hydrated oxide of tin, an alkali is set at liberty; 
for the'afBnity of ammonia for otiile of tin or arsenious acid 
is too weak to enable it ta form a salt with these bodies. 
It is on this account that the aolutioo gives out an ammo- 
niacal odour a short time after the mixture is made, The 
hydrnsnlphates of the alkaline sniphurets are frequently 
used in analysis to separate the greater number of electro- 
negative metallic oxides that they can dissolve, from the 
electro-positive oxides, which can be transformed into su!- 
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forms, which no longer dissolves when the liquor 
is shaken. 

If this point be exceeded, the sulphureted 
hydrogen will precipitate the metallic sulphuret, 
and take its place. This process does not succeed 
well, except for salts with metallic acids. The 
hydrosulphate of the sulphuret of ammonia* may 
be used instead of the sulphureted hydrogen, when 
the oxy-salt has an alkaline base : the ammonia 
that then becomes free, and the excess of the 
ammoniacal salt, are dissipated by distillation. 

By this mode of preparation, sulpho-salts are 
obtained, in which the radicals of the acid and the 
base are combined with sulphur, in volumes equal 
to those of the oxygen which they have lost, so 
that the sulphiu: of one of the sulphureted bodies 
is always a multiple (by a whole number) of the 
sulphur of the second. 



phurets, but without bemg dissolved in the alkaline sul* 
phuret. 

e. Lastly, these combinations can be obtained in the dry 
way ; for instance, by mixing the electro-nqgative sulphuret 
with an alkaline carbonate in proper proportion, and cal- 
cining in closed vessels. The carbonic acid is driven ofl^ 
and the alkali acts on the sulphuret as in the moist way, sq 
that an oxy-salt with a metallic acid and a sulpho-sah are 
obtained at the same time. This latter can generally be 
separated from the former by solution and crystallisation. 

* Hydrogureted sulphuret of ammonia. 
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45. Stdpkohydrates (hydrogureted sulphurets). 
When speaking of suIphQreted liydrogen, I re- 
marked that it transformed the alkalies, the earths, 
and the oxides of other metals into sulphurets, 
that is to say, into bases of sulpho-snlts. Sulpliu- 
reted hydrogen produces ssdts soluble in water, 
with eight of these bases, (those formed by the 
alkaline sulphurets of potassium, sodium, lithium, 
and ammraiium*, and by the sulphurets of the 
alkaline earths, barium, strontium, calcium, and 
magnesium,) possessing avery disagreeable hepatic 
smell. This odour is not peculiar to the salt itself, 
but it is a consequence of its continual decomposi- 
tion by the carbonic acid of the atmosphere, which 
disengages the sulphureted hydrogen. 

Those salts which have the sulphurets of potass 
sium, sodium, and lithium for their base can be 
calcined to redness, in closed vessels, without los- 
ing their sulphureted hydrogen. The sulphohy- 
drate (hydrogureted sulphuret) of ammonium is 
volatile, and the others are decomposed by heat. 
The salts of magnesium and of calcium cannot 
even be obtained but in a state of solution. 

To distinguisli a sulphohydrate from n sulphu- 
reted base, the effervescence, owing to the escape 
of sulphureted hydrogen, on the addition of an 

* Ajninonia is calleil Binitionium by Berzelius, not with ' 
, the idea that it is a metal, but merely because it resembles 
metalB ia some of its n 
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acid, cdnnot be considered as a sign ; for, even as 
regards quantity, this phenomenon is nearly the 
same in these two kinds of compounds. The best 
mode of ascertaining whether a sulpho-salt be 
operated on is that of adding a neutral and con- 
centrated solution of a salt with oxide of zinc, 
protoxide of manganese, or protoxide of iron for a 
base. A metallic sulphuret then forms without the 
disengagement of sulphureted hydrogen, when the 
solution of a sulphureted base is operated on; whilst 
there is at the sajpe time a disengagement of sul- 
phureted hydrogen when it is a sulphohydr^te. 

The sulphohydrates are decomposed by air : 
if the contact of air be slight, the sulphureted 
hydrogen alone is decomposed, and a metallic sul^ 
phuret is obtained which is a little soluble, and 
deposits in the form of yellow crystals when there 
is lithium, or an alkaline earth for the radicaL 

If, on the contrary, free access of air be allowed, 
part of the sulphuret also oxidises and transforms 
itself into hyposulphate, whilst part passes to a 
higher degree of sulphuration* It is for this rea- 
son that the sulphohydrates, though colourless 
themselves, become yellow almost instantly when 
the contact of air is allowed. 
. The sulphohydrates are decomposed by all the 
oixygenated bases : these last are then reducedi to 
the state of sulphurets by the sulphureted hydro- 
gen, and at the same time a weaker oxygenated 
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base exchanges its oxygen with the sulphui* of the 
stronger base, so that, for instance, if oxide of cojy- 
per or zinc be placed in a solution of the sulphohy- 
drate of potassium, water, sulphuret of copper or 
of zinc, and potassa, are formed. 

In these salts the sulphur of the base is equal 
to that of the acid; no other degrees of saturation 
are known, 

46. SuLphocarbonatrs." It is difficult to obtain 
these perfectly pure, both because the sulphuret 
of carbon does not decompose the sulphureted 
bases that possess a higher degree of sulphuration, 
and consequently remam mixed, and because the 
oxygenated salifiable bases are only decomposeti 
with difficulty by them, with the formation of an 
oxycarbonate and a sulphocarbonate. The best 
means of obtaining ihera consists in digesting u 
mixture of sulphuret of carbon, water, and an 
alkaline sulphuret, (such as the sulphurets of po- 
tassium, sodium, and calcium,) in a closed vessel at 
a temperature of 30°. f The combination is not 
completely finished till after the lapse of many 

Solutions of hver of sulphur in alcohol mixed 
with sulphuret of carbon yield sulphocarbonates : 
but they precipitate the sulphur very imperfectly 

* Combinations or the sulphuret of carbon, 
f Equal to 86= of FaJirenbdt. — G. O. R. 
G 6 
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jrom the hepatic solutions of alkalies in alcohol, 
and they do not precipitate it from the solutions 
of alkaline earths. Water separates the sulphu- 
ret of carbom from them and leaves the hepar, or 
a mixture of sulpliocarbonate and of sulphur in 
excess. 

The sulphocarbonates with alkaline radicals 
have a darker colour than the sulphurets ; their 
taste is at first cool, then warm and biting, with 
an hepatic taste afterwards. Calcined in closed 
vessels they are entirely decomposed. Those with 
alkaline bases fuse and yield sulphurets becoming 
more highly sulphureted on depositing carbon, 
which may be separated by treatment with water, 
which dissolves a sulphuret containing three times 
as much sulphur as the sulphureted base. The 
sulphocarbonates of alkaline earths and metals, 
when heated, yield a residue of sulphuret, and dis- 
engage sulphuret of carbon. 

When the salt contains water the phenomenon 
is often complicated, owing to the decomposition of 
this liquid, but it is always easy to account for it. 
The sulphocarbonates, when dry, or in a concen- 
trated solution, do not undergo any alteration, and 
may be preserved a long time. When a sulpho- 
carbonate contains a sulphuret that can form salts 
at a stiU higher degree of sulphuration, such as 
the sulphocarbonate of iron, bearing proportion 
to the protoxide of iron, it absorbs the oxygen of 
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the airduring desiccation, and transforms itself into 
a mixture, perht^s a combination, of hydrated 
oxide and of sulphocarbonate at a higher degree 
of sulphuration, which is permanent. The sul- 
phocarbonates of the four alkalies, and the four 
alkaline earths, are all soluble in water ; the others 
are insoluble, but dissolve in the former in greater 
or less quantity. When a soluble sulphocarbo- 
nate is mixed with hydrochloric acid an oleagin- 
ous matter is formed, composed of sulphuret of 
carbon and sulphureted hydrogen, which displays 
acid properties, as M. Zeise, who first separated 
it, has shown : the liquor at first assumes a yellow, 
milky appearance, and some time elapses before 
the oily substance collects. The less energetic 
oxygenated bases decompose these salts, so as to 
transform the weaker radical into a sulphocarbo 
nate, while the stronger oxidises at its expense. 
Their dilute solutions are quickly decomixised by 
the air : when made to boil with the exclusion of 
air, the water is decomposed, and they transform 
themselves into carbonates with a disengagement 
of sulphureted hydrogen. 

The neutral salts are so composed that, if the 
sulphur be replaced by proportional quantities of 
oxygen, carbonates are produced. 

47. H^drostdpho-cyanates. These salts result 
from the combination of electro-positive sul- 
phurets with an electro-negative compound of 
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sulphur, known by the names of hydrosulphocya^ 
nic acid : almost all these salts have a more or 
less dark lemon colour. 

' They are known by the properties they possess 
of forming a yellow precipitate with the salts of 
copper, and a bright yellow precipitate with the 
salts of mercury and lead, which passes quickly 
to black : such of these salts as are soluble trans- 
form themselves (when exposed to the air, in so^ 
lution) into metallic sulphocyanurets, whilst the 
hydrogen forms water with the oxygen of the air, 
and the sulphur of the base deposits in a crystal- 
line form. When treated with a metallic oxide 
their hydrogen is neutralised at the expense of 
this oxide, the sulphur unites to the reduced 
metal, and the liquor only contains a metallic sul-r 
phocyaimret, as when the oxygen is furnished by 
the air. These salts are decomposed by ebuUi* 
tion: a temperature of 50^* (centigrade) sufficed 
to commence their decomposition with disengage^ 
ment of sulphureted hydrogen, and a deposit of a 
yellow powder which appears to be hydrosul-f 
phocyanic acid. Distilled they yield no oxyge-i 
nated products, which proves that oxygen d6es 
not enter into their composition. The ponstit^ieot 
proportions of these isalts are such, that when the 
hydrogen of the acid unites with the sulphur of 
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the base to form sulphureted hydrogen, a metallic 
sulphocyanuret remains. 

48, Sidphi>-ars€mates. In these salts the de- 
gree of sulphuration of the arsenic is proportional 
to the composition of the arsenic acid. The 
alkaline sulpho-arseniates have, when dry, a lemon 
yellow colour, and are colourless, or slightly yel- 
lowish, when they contain combined water. Theii 
taste is hepatic, nauseous, and bitter. Decom- 
posed by an acid they give out an hepatic smell, 
similar to that of the orpiment ui iinseed oil var- 
nish. When the solutions are concentrated, or the 
salts are dry, sulphureted hydrogen is at the same 
sime disengaged, which does not happen so as 
to be visible in dilute solutions. The sulpho- 
arseniates, formed by the radicals of alkalies, of 
alkaline eartlis, of glucino, and of yttria, and a 
few of the metals are alone soluble in water. 
They have a great tendency to form salts with 
excess of base that generally crystallise, which sel- 
dom happens with neutral salts. Some amongst 
them can combine with an excess of electro-nega- 
tive substances, but on treating diem with water 
the supersaturation is not complete; and besides, 
the concentration and temperature exercise a 
great influence on them. A solution that has 
been boiled with an excess of electro-negative sul- 
phuret partly deposits it on cooling. Alcohol 
decomposes the neutral solutions of tliese salts ii 
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such a manner as to form a salt with excess of 
base, whilst the liquor retains a salt containing 
twice as much sulphuret of arsenic. 

By dry distillation the neutral salts yield sul- 
phur, and transform themselves into sulpho- 
arsenites : the salts with excess of base do not un«- 
dergo any alteration. The salts with alkaline 
radicals, even those of barium, resist an incipient 
white heat : all the others abandon the sulphuret 
of arsenic more or less completely, leaving as a 
residue the sulphur which served them for a base. 
Heated with contact of air they decompose very 
easily : the base passes to the state of oxide or of 
sulphate ; that of the metallic sulpho-arseniates 
sometimes transforms itself into an arseniate. 

In the dissolved state, the metallic oxides de- 
compose them, so that an arseniate of the oxide 
remains in the solution, whilst a sulpho-arseniate, 
with excess of electro-positive sulphuret, deposits. 
When the solutions are concentrated, these salts 
keep well in the air ; but in weak solutions th^ 
decompose, though very slowly : it requires many 
months to complete the decomposition. The 
liquor becomes troubled ; it deposits sulphuret of 
arsenic and sulphiu: ; the undecomposed portion 
of the salt remains dissolved with the arsasite 
and hyposulphite, which, when the decompositi<m 
is completed, becomes transformed into sulphate. 
The sulpho-arseniates form double salts with ease : 
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when the oxy-salts combine as double saltSj the 
corresponding sulpho-arseniates also unite. The 
alkaline sulpho-arseniates besides dissolve a great 
part of the metallic sulpho-arseniates. In the sul- 
pho-arseniates, whose different degrees of satura- 
tion have been remarked, the sulphur of the sul- 
phuret of arsenic is to that of the base as 5 to I, 
3, and 3, admitting that the relation of neutral 
combinations is, as in the oxy-salts, as 5 to 2. 

49. Sulpho-arsenites, These salts contain orpi- 
ment, or the sulphuret of arsenic corresponding 
to the arsenious acid. They cannot be obtained 
in the solid and neutral form, but in the dry way; 
for their solutions are decomposed at a certain 
degree of concentration, occasioning a brown pul- 
verulent deposit, which is a hyposulpho-arsenite, 
whilst the liquor contains a sulplio-arseniate with 
excess of base : the decomposition does not, how- 
ever, become complete until this latter crystallises. 

On diluting the solution, and boiling it, the de- 
posited matter is re-dissolved, and the sulpho- 
arsenite is reproduced. The decomposition takes 
place likewise in the dry way, when the prepared 
salts are treated with water, or when alcohol is 
added to a weak solution of sulpho-arsenite : this 
liquid precipitates a salt with excess of base, which 
soon becomes black, owing to the decomposition 
I have just mentioned. When alcohol is thrown 
into the solutions of basic, sulpho-arsenites of am- 
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monium, of barium, or calcium, this decomposition 
of the precipitated basic salt does not take plaee, 
except when the solution contains a neutral salt, 
or one with excess of orpiment When orpiment 
is dissolved at the ordinary temperatue, and to 
perfect saturation, in a weak solution of caustic 
potassa, or in the hydrosulphate of the sulphuret 
of potassium, a salt is obtained that contains twice 
as much orpiment as the neutral salt. On digests 
ing this salt witb orpiment prepared in the moist 
way, this latter is transformed into realgar ; and 
the solution deposits arsenic passing from sulpho- 
arsenite to sulpho-arseniate. 

The alkaline sulpho-arsenites resist heat : the 
sulphureted base can retain at a red heat many 
times the quantity of orpiment necessary for its 
equable saturation. 

. The other salts are decomposed by a red heat^ 
orpiment distils from them, and a salt remains 
with excess of base, or the sulphureted base alone. 
In other respects the sulpho-arsenites act like the 
sulpho-arseniates as to metallic oxides and the 
acids, when under the influence of air and an 
open fire. 

In their various degrees of saturation the sul- 
phur of the sulphuret of arsenic is to that of the 
base, as three is to 1, 2, and 3 ; the neutral coin^ 
bmation being in the proportion of 3 to 2. 
-.50. Hyposidpho^arsenites. These salts contain 



the red suiphuret of arsenic or realgar, to which I 
no known combination of oxygen and arsenic cor- I 
responds. They are obtained in the dry way by 1 
fusing sulpburetfd bases with realgar, or sulpho- 
arsenites with arsenic ; but they then retain so 
much realgar that the fused mass no longer dis- 
solves in water ; the neutral combination obtained 
in the dry way is decomposed by water, gives a 
black or dark brown deposit of suiphuret of 
arsenic, and transforms itself into a sulpho-arse- 
niate. These salts cannot be obtained by the im- 
mediate combination of realgar with a caustic 
alkali, or with a hydrosulphate (hydrosulphuret) ; 
for a sulpho-arseniate and dark suiphuret of arsenic 
form as before. They may be obtained by dis- 
Boiving orpiment at a boiling heat, in a concen- 
trated solution of carbonate of potassa or soda, 
and filtering the clear boiling liquor ; it becomes 
opaque on cooling, and deposits a number of 
brown floccnli resembling kennes mineral : this is 
B neutral combination of alkaline suiphuret with 
the realgar. They can also_be obtained by evapor- 
ating sulpho-arsenites so as to make tlie solution 
crystoUise : these salts are red or dark brown ; 
most of tliem are insoluble in water. Those with 
an alkaline base are transformed by pure water 
into soluble salts with excess of base, and into in- 
soluble salts with excesn of realgar. The acids 
also precipitate realgar from tliera. 
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51. Sulpho-moli/bdates- These salts contain the 
sulphuret of molybdenum, which in its composi- 
tion bears relation to the niolybdic acid. Those 
with alkaline or earthy bases are soluble in water : 
in the neutral state the solution is of a beautiful 
red colour; it inclines to brown when it has an 
excess of sulphuret of molybdenum, and to yellow 
when it contains an excess of sulphureted base. 
These salts crystallise ; and the crystals are brown 
or ruby coloured, seen by trr.nsmltted light, and a 
beautiful green by reflected light The acids de- 
compose tliem, and precipitate the sulphuret of 
molybdenum, when added in excess, in the form 
of a brown powder almost black; sujphureted 
hydrogen is disengaged at the same time. By 
dry distOlation they decompose : the sulphureted 
base combines with part of the sulphur of the sul- 
phuret of molybdenum. On the addition of water 
this persulphuret is decomposed, and grey sul- 
phuret of molybdenum remains ; or else when the 
base cannot pass to a higher degree of sulphur- 
ation sulphur is disengaged, and the residue con-- 
tains either a combination or a mixture of the 
grey sulphuret of molybdenum with the sulphu- 
reted base. The sulphuret of molybdenum cor- 
responding to the molybdic acid reciprocally does 
not decompose the higher degrees of sulphuration 
of the alkaline metals, and alkaline earths in the 
moist way. The neutral concentrated solutions 
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keep well exposed to the air; but they are quickly 
decomposed when they possess an excess of sul- 
phureted or oxygenated base. The weak solution | 
becomes by degrees brown when exposed to airr I 
the base partially oxidises and passes to the state > 
of hyposulphite, whilst a sulpho-salt with excess I 
of sulphuret of molybdenum forms in the solution. 
This latter is finally decomposed ; sulphuret of 
molybdenum deposits, the solution becomes bluer 
and now contains the base in the state of oxide, 
combined either with one of the acids of sulphur, I 
or with the niolybdJc acid; the blue colour is' 
owing to the molybdate of molybdenum. ' 

This decomposition, however, proceeds so slowly 
that the solution drys, and the salt must be redis-' 
solved many times before it is completed. 

The sulpho-nioly Mates form many degrees of 
saturation. In those that are neutral the sulphur 
of the sulphuret of molybdenum is to that of the 
base as three to one. 

52. Hi/persulpho-mdijbdales. These salts con- 
tain the molybdenum at a higher degree of 
sulphuration, possessing twice as much sulphur 
as the grey sulphuret of molybdenum. There 
exists no oxygenated combination that corre- 
sfx>nds to this sulphuret These salts are all 
yellow or red, pulverulent, and rarely crystallised. 
They are insoluble in water, except those with 
alkaline bases, which, however, only dissolve in 
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boiling water, but without depositing while cool- 
ing. The solution is dark red. Acids precipi- 
tate flocculi of sulphuret of molybdenum, of a 
beautiful dark red colour, from these salts ; sul-> 
phureted hydrogen being disengaged at the same 
time. There exist, also, sulpho-phosphates, sul-^ 
pho-seleniates, sulpho-antimoniates, sulpho-tung-*- 
states, and sulpho-stannates, but they are not yet 
well known. 



RULES FOR OBTAINING A KNOWLEDGE OF SALTS 
FROM THE RE-ACTION OF THEIR BASES. 

1. Salts of potassium. They are all very solu- 
ble, with few exceptions : many of them become 
moist in the air. In the solid state they do not 
contain water of crystallisation so frequendy as 
other salts. They support a red heat better than 
other salts; so that the acids which, united to 
other bases, are dissipated or decomposed by heat, 
are preserved when united to potassa. In order 
to ascertain the presence of potassa in a salt the 
tartaric acid is employed, a concentrated solution 
of it being mixed with a concentrated solution of 
a salt of potassa ; a deposit of bitartarate of pa* 
tassa then forms, either immediately or after wait- 
ing a short time. Potassa may also be known by. 
means of a saturated solution of sulphate of alu- 
mina, which precipitates alum : this last deposits,. 
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after some time, in a crystalline form (the ammo- 
nlacal salts also possess this property). Lastly, 
chloride of platinum is used, which forms an al- 
most insoluble double salt with the salt of potassa,'. 
which precipitates immediately, or deposits, dur- 
ing evaporation, in the form of little brilliant 
yellow crystals ; the same thing again occurs with 
the ammoniacel salts, so that the examination 
should always be made with salts previously cal- ' 
cined. 

2. Sails of sodium. They are colourless like ' 
those of potassa, which they likewise resemble in 
taste, and sometimes, also, in crystalline form. 
No characteristic sign is known for the detection 
of soda in these salts; but its presence is admitted 
when the re-actions that characterise potassa, am- 
monia, and lithia are wanting, and when the solu- 
tion of the salt does not precipitate by carbonate 
of potassa. To demonstrate soda in a positive 
way, it must be separated from the acid with 
which it is united, and combined with sulphuric 
or phosphoric acid, or generally with any acid with 
which it forms well characterised salts. 

S. Salli of lithium. These are distinguished 
by the property this alkali possesses of forming s 
salt of difficult solution with phosphoric acid. 
A saline solution contains lithia, if, when cold, 
it be not precipitated by & caustic alkali, 
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when warm, with an alkaline carbonate; and if 
mixed with phosphate of soda it becomes turbid 
while evaporating, and leaves a white powder 
.when it is treated with water, after being dried* 
The salts with a base of lithia are generally very 
fusible, and communicate this property to other 
salts. An alcoholic solution of a salt of lithia 
bums with a purple flame. 

4. Ammofuacal satis. Mixed with the alkalies^ 
or the hydrated alkaline earths, they disengage 
ammonia, which, when it is too small in quantity 
to be sensible to the smell, may be known by the 
smoke it forms when a tube, dipped in acetic, 
nitric, or hydrochloric acid, is held over the mix- 
ture. All the neutral ammoniacal salts contain 
combined water, a portion of which seems neces- 
sary for their existence (the anhydrous ammoni- 
acal salts are always with excess of base) : they 
have a sharp saline taste. Many of them volati- 
lise without decomposition; others disengage am- 
monia at a higher temperature, deserting their 
acid ; but most of them are decomposed in such a 
manner that the hydrogen of the ammonia reduces 
the acid to a less degree of oxidation, or entirely 
destroys it, with a disengagement of water and 
azote. Many ammoniacal salts lose ammonia 
when their solutions are evaporated, and pass to 
the state of acid salts ; it follows, therefore, that 
when they are evaporated for crystallisation am- 
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monia must be added to them when the evapor* 
ation is finished. 

5, Salts of Barium. These possess a disagree* 
able saline bitter taste, and form a white precipitate 
with sulphuric acid and the sulphates, which is 
insoluble in the hydrochloric and nitric acids. 

6. Salts of Strontium are distinguished by ths 
property of communicating a red colour to the 
flame of burning substaaces. Thus, the alcoholic 
solution of a salt of strontia also burns with a 
beautifid red colour. They are precipitated by 
sulphuric acid, like tlie salts of baryta ; but they 
diiler from them in not being precipitated by the 
hydrofluosilicic acid. 

7. Salts of Calcium. These possess a bitter anct 
sharp taste, similar to that of the salts of baryta. 
The presence of lime is established by the oxalic 
acid, which precipitates it, even when the solutions 
are very dilute. In those that are concentrated, 
it may be detected by sulphuric acid, which forms 
a very voluminous precipitate of gypsum. The 
salts of lime, soluble in alcohol, colour the edges 
of the flame red, as if it contained a salt of strontiA 
in mixture. (The chloride of calcium is an ex- 
tremely deliquescent salt.) 

8, Salts ^Magnesium. Tliese have a very dis- 
agreeable bitter taste, which is )}eculiar to them 
The bicarbonated alkalies do not precipitate them, 
and the carbonates but incompletely, at the ordi- 
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nary temperature. The neutral salts of magnesta 
are partially precipitated by ammonia : weak, so- 
lutions, to which a little acid, or a small quantity 
of ammoniacal salt, has been added, are not prq- 
cipitated by ammonia, unless a great excess of it 
be added. The surest reagent for magnesia a» 
the phosphate of ammonia with excess of bas€^ 
such as we have already spoken of. The magn^ 
sian salts, mixed with a little nitrate of cobalt^ 
and heated to redness by the blow-pipe, becomi^ 
of a light rose colour when they contain no other 
base. 

9. Salts of Aluminum have a tart, astringent, 
and rather sweet taste; they are precipitated by 
the alkalies, but an excess of potassa or soda re- 
dissolves the precipitate. A saturated solution of 
sulphate of potassa, added to a somewhat, con- 
centrated solution of a salt of alumina, produces a 
white powder, which is alum. The dried salts of 
alumina, mixed with a little nitrate of cobalt, and 
strongly calcined by the blow-pipe, assume a 
beautiful azure blue colour: this reaction is al- 
tered by the presence of another metaUic oxide.; 

10. Salts of Gluctnum, These are charac* 
terised by a sweet and astringent taste. The 
alkalies precipitate them; but potasssL or soda, 
when caustic or in the state of carbonates, re- 
dissolve the precipitate : the carbonates dissolve 
it in less proportion, however, than the alkalies. 



ANJtLYSIS OF THE SALTS, 



147 



(Ammonia does not dissolve it; but the carbonate 
of ammonia dissolves it easily.) The ferrocy- 
anuret of potassium does not precipitate these 
salts, but the hydrosulphate of sulphuret of po- 
tassium (hydrogureted sulphuret of potassium). 
precipitates them, disengaging sulphureted hy-i 
drogen. A characteristic property of the salts of 
glucintmi is, that when a 'warm solution of one 
of these salts is mixed with a warm solution of 
fluoride of potassium until a precipitate is per- 
ceived, and the mixture lefl to cool, little scales 
are deposited of a double sall^ that is but little 
soluble. 

1 1. Salts of Yttrium. These have a saccharine 
and astringent taste like the prececUng ; tbeir 
densi^ is greater than that of other earthy salts. 
Some of those that are crystallised have a red 
amethyst tint, which is very probably owing to 
the presence of manganese. 

The ferrocyanuret of potassium forms a white 
precipitate; potassa acts in the same way, — an 
excess of which does not redissolve the precipitate, 
A very ^eat excess of alkaline carbonate, and 
especially of carbonate of ammonia, redissolves 
the precipitate ; but only in small quantity, rela- 
tively to the quantity of solvent required. The 
most positive character of yttria is that of form- 
ing an easily crystallisable salt with sulphuric 
acid, which is efflorescent at a temperature of 
11 2 
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40°*, and becomes milk-white without losing its 
crystalline form : it is distinguished, moreover, by 
the extreme difficulty with which it dissolves ; so 
that it is at first regarded as insoluble, although 
it by degrees entirely dissolves. The saturated 
solution contains from l-45th to 1-SOth of its 
weight of the salt, 

12. Salts of Zirconium* The salts of zirconium 
have a purely astringent taste. The sulphate of 
potassa precipitates them, for this salt takes part 
of their acid in order to pass to the state of acid 
sulphate. Caustic potassa precipitates them ; but 
an excess of the precipitant does not redissolve 
the precipitate. (The carbonates of potassa and 
soda do not dissolve hydrated zirconia; but when 
a salt of zirconia is precipitated by an alkaline 
carbonate in excess, the precipitate is redis* 
solved : which is best seen by allowing a solution 
of zirconium to fall guttatim into a solution of an 
alkaline carbonate, and shaking the liquor.) The 
cyanuret of mercury Mid the ferrocyanuret of 
potassium do not precipitate these salts. The 
hydrosulphate of sulphuret of potassium preci- 
pitates the hydrated earth with a disengagement 
of sulphureted hydrogen. The infusion of galls 
precipitates them of a yellow colour. 

13. Salts of Cerium. 

• Equal to 104* of Fahrenheit.— G. 0. R. 
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(a) Salts of the protoxide. These are colourless ; 1 
some, however, have a light red amethyst colour, 
similar to the shade of the salts of mangnnese; 
their taste is at first saccharine, then astringent. 
They are so analogous to the salts of yttria, that 
they cannot be distinguished from these latter 
but by their property of forming a double salt 
with sulphate of potassa, which salt is insoluble 
in a saturated solution of the sulphate of that 
base. The ferrocyanuret of potassium forms a 
white precipitate ; sulphureted hydrogen does not 
alter them, but the hydro-sulphates precipitate 
them with the disengagement of sulphureted hy- 
drogen. It is generally difficult to obtain them 
free from the deutoxide. 

(fi) Salts of the deutoxide. These are obtained 
by dissolving the calcined oxide in tlie acids. 
They have n yellow colour, sometimes orange 
yellow; a sweet, tart, and strongly astringent taste. 
They disengage chlorine when boiled with hydro- 
chloric acid, and are reduced to the state of pro- 
tosalts. The hydrosulphates form white preci- 
pitates. 

1 +. Salts o/" Manganese. 

{a) Salts of the protoxide. They generally form 
colourless solutions with water; sometimes the 
liquor is of a light rose colour : their taste is bit- 
ter and astringent. The caustic alkalies precipi- 
tate them white; the precipitate becomes yellowish 
H 3 
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when exposed to the air, then reddish brown, and 
lastly black. The alkaline carbonates also form 
white precipitates, which, when left exposed to the 
air, assume a light rose colour after a certain time. 
When these salts are neutral, the ammonia preci- 
pitates half the protoxide from them, and forms a 
double salt with the other half, in which the ammo- 
nia and the protoxide saturate equal quantities of 
acid. If the solutions are sufficiently acid to form 
a double salt with the ammonia, no precipitation 
takes place, whatever may be the quantity of am- 
monia afterwards added. The solution that con- 
tains an excess of ammonia is decomposed by 
degrees in the open air, and deposits the hydra^^ 
oxide. The solutions of the protoxide of man- 
ganese are not precipitated either by tincture of 
galls or by the alkaline chromates ; nevertheless, 
the chromates form a brown precipitate afler 
some time, owmg to the reduction of the chromic 
acid. The hydrosulphates form brick colonred 
precipitates; and the ferrocyanuret of potassium a 
white precipitate, which by degrees becomes red. 
(The protoxide of manganese, precipitated from a 
solution that contains silicic acid, attracts this last; 
so that, in analysis, the silica must first be sepa- 
rated by dissolving the precipitate in hydrochloric 
acid and evaporating to dryness.) 

(b) Salts of the peroxide. These have been but 
little examined, for they very easily transform 
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themselves into oxygen (which disengages itself) 
and into protosalts. Their colour is dork violet- 
verging on Ted; and sometimes hlack, approaching ' 
to yellow or red. The combustible bodies, when 
digested in them, easily transform them into pro* 
tosalts. 

15. Salts of Iron. 

(a) Salts of the protoxide. These have a bluish 
colour, whicli sometimes approaches to green ; and 
a peculiar taste, at first sweet, and then astringent. 
Nearly all of them dissolve in water ; the solution 
absorbs the deutoxide of azote, and assumes a dark 
brown or black colour. In closed vessels, the 
tincture of galls does not alter them : the ferro- 
cyanuret of potassium precipitates them of a white 
colour: exposed to the air they become turbid, and 
deposit an ochre coloured powder, which is a basic 
s^t of the peroxide ; they at the same time assume 
a green or yellow colour, and become transformed 
into double salts with bases of protoxide and per- 
oxide. (They likewise possess, in common with 
the salts of manganese and of magnesia, the pro- 
perty of being only partly precipitated by am- 
monia.) 

(fi) Salts of the peroxide. These have a yellow . 

or red colour ; an acrid, astringent, and slightly 

sweet taste. Most of these salts are soluble in 

water, and some have a great tendency to form. 

u 4 
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l>£^ salts, ^o thftt the alkalies do Qot entirely 4e^ 
ccHpppse them. The ferrocyanuret of ppt^sskioi 
produces a beautiful dark bluf^ pr^ipitate with 
theniff and gallwiut a black precipitate, I|i the 
ueutral state, solutions of these salts have a dark 
brown red colour, which disappears by an excess 
of acid, and becomes bright yellow. The all^ies 
precipitate then completely, of a brownish red 
colour; those th^t are neutral decompose when 
boiled with water; a salt with excess of bas# 
deposits, and the solutioQ retains a great co^cess 
of acid. 

16. Salts of CobaU. These salts possess a red 
or dark red colour. Those that are soluble have 
an astriqgent and rather metallic taste : hydrosul* 
phate of potassa forms a black precipitate : the 
precipitate caused by caustic potassa is blue or 
green; that formed by the carbonate is bright red; 
and that by the ferrocyanuret of potassium is of 
a greenish grey colour. Ammonia and the car- 
bonate of this base redissolve the precipitates at 
first formed. Zinc does not precipitate metallio 
cobalt from solutions of these salts. 

17. Salts of Nickel. These have a green or 
greenish yellow colour; asweet and astringent taste. 
The ferrocyanuret of potassium precipitates them 
of a bright greenish yellow colour ; the hydrosul^ 
phates precipitate them black; sulphureted hy-» 
drogen does not precipitate the solutions formed 
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by strong acids. According to Tupputi, nickel is 
not precipitated by any other meta! ; zinc, how- 
ever, precipitates part of it in the state of green 
hydrated oxide. Oxide of nickel forms double 
SBlts with all the amnioniacal salts ; sad all the 
salts of nickel that are insoluble in water, dissolve 
in ammonia and in the carbonate of that base. 

18. Salts of Zitic. These have a nietalhc and 
very disagreeable astringent taste ; they are co- 
lourless, and soluble in a sufticient quantity of 
ammonia : the carbonates precipitate them with 
disengagement of carbonic acid, the hydrosul- 
phates with disengagement of sulphureted hydro- 
gen ! and in both cases the precipitate is white. 
The infusion of galls does not trouble solutions of 
these salts. 

19. Salts of Cadmium, These are generally 
white and colourless, dissolving almost entirely in 
water. The solution is not coloured, and has a 
disagreeable metallic taste. The alkalies, both 
caustic and in a state of carbonates, as well as the 
ferrocyanuret of potassium, precipitate them white; 
sulphureted hydrogen and the hydrosulphates pro- 
duce orange coloured precipitates ; the infusion of 
galls does not precipitate tliem. Zinc precipitates 
metallic cadmium from them ; iron does not possess 
this property. 

20. Salts of Lead. Lead forms but one series 
of salts, having the yellow oxide for their base ; 

H 5 
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those which are soluble have a saccharine astrin- 
gent taste ; they are colourless. The sulphates, 
and the ferrocyanuret of potassium, precipitate 
them white; the precipitates formed by sulphu- 
reted hydrogen and the hydrosulphates are black. 
Sulphureted hydrogen is an exceedingly delicate 
reagent for ascertaining the presence of salts of 
lead. Tin and zinc precipitate metallic lead from 
its solutions. 

21. Salts of Tin. 

{a) Salts of the protoxide. The protoxide of 
tin has a much greater affinity for acids than the 
deutoxide ; notwithstanding which, the protosalts 
oxidize easily and pass to the state of persalts. 
Lead and zinc precipitate tin from solution, either 
in the metallic state or in the state of oxide. 
These salts possess an astringent metallic taste, 
in the highest degree disagreeable. They are 
nearly colourless ; the ferrocyanuret of potassium 
precipitates them white *, and the hydrosulphates 
of a brown chocolate colour. Potassa produces a 
white precipitate, which is soluble in an excess of 
this alkali. Mixed with the persalts of many 
metals, such as of iron, copper, or mercury, they 
reduce them to protosalts : they precipitate gold 
from its solutions, in the metallic state ; or in the 

* If the solution of tin be at all concentrated, a gelatinous 
mass is produced on the addition of the ferrocj'anuret. — 
G. O. R. 
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form of a powder known by the name of cassius' ' 
pmple, when the solutions are dilute. 

(b) Salts of the pei-oxide. These are colourless, 
HJid do not display any phenomena consequent o 
reduction when mixed with salts whose bases are 
reducible. There are few that crystallise. The 
ferrocyanuret of potassium precipitates them of a 
white colour ; the precipitates formed by sul- 
phureted hydrogen and the hydrosulphates a» 
yellow. • 

22. Salts of Bismvth. It is not ascertained 
whether bismuth forms, with oxygen, more than 
one salifiable base. The salts of bismuth are 
colourless ; they are precipitated by water. Sul- 
phureted hydrogen produces black precipitates 
in these salts; those formed by the infusion of 
galls are orange. Copper and tin precipitate 
bismuth from its solutions, in the metallic state. 

23. Salts of Uranium. Uranium forms two 
classes of salts, viz. the green salts with the 
protoxide for base, and the yellow with the 
peroxide. 

(a) Salts of the protoxide. These are Uttle 
known; tlieir solutions are green; the alkalies pre- 
cipitate a greenish grey hydrated protoxide, which 
becomes yellow in the air by passing to the statt; 

* M. Beraelius thiiika that the powder of caiisius consisti 
of a mixture or combination of protoxide of tin and ( 
at a degree of oxidation inferior to that of peroxide. 
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c£ peroxide. On heating the liquor that contains 
the deposit of the hydrated protoxide, it assumes 
a darker colour, and becomes less soluble in the 
acids. The carbonate of ammonia produces a 
precipitate in these salts, which is soluble in an 
excess of the carbonate. 

(b) Salts of the perojdde. Their solutions are 
yellow ; some react on turmeric paper, like the 
alkalies. The precipitates which the alkaline car* 
bonates form in them are dissolved by an excess 
of the precipitant. On treating them with caustic 
alkali, the precipitate of peroxide of uranium 
always retains some alkali, and it is impossible to 
separate this latter from it. The precipitated 
alkaline uranates acquire a beautiful orange colour 
by calcination. Among these salts there are many 
that dissolve in alcohol and ether ; the scdution, 
exposed to solar light, assumes a green colour, 
and the peroxide is reduced to the state of prot- 
oxide. (The ferrocyanuret of potassium produces 
blood-red precipitates, and the hydrosulphates 
brown precipitates.) 

24. Salts of Copper. 

(a) Salts of the protoxide. These are little 
known. They are almost entirely insoluble in 
water. When moist, they easily oxidise, and are 
transformed into persalts with excess of base. 
When caustiq potassa is added to them, they be- 
come yellow ; ammonia forms colourless solutions 
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with them, which, on contact of air, speedily pass 
to blue. 

(b) Salts of the deutoxide, Tliese have a green 
or blue colour; a metallic, acrid, and disagreeable 
Caste ; and form beautiful dark blue solutions whea 
treated with an excess of ammonia. The fevro--. 
cyanuret of potassium precipitates them of a 
brownish red colour ; sulphureted hydrogen anA- 
the hydrosulphates precipitate diem brown. Th^ 
form, with almost all ammoniacal salts, double^ 
salts, which are soluble in an excess of ammoniooi 
Copper is precipitated in the metallic state bjt.l 
zinc and iron. * i^ 

25. Salts of Mercury. The salts of mercury, 
which are soluble, have a peculiar and very dis- 
agreeable metallic taste. The presence of mer- 
cury can always be established by heating them 
to redness with carbonate of soda or potassa, in a 
tube closed at one end ; the mercury sublimes in 
the metallic state. The oxysalts and the haloide 
salts are also known by the property they possess 
of depositing metallic mercury when rubbed on ». 
piece of polished copper, 

* If a commoD needle be suspeaded in an acidulated 
solution of copper, whicli is so dilute es not to be alU'ctcd 
by any of die rcagentE here mentioned, we have a deposit 
of metallic copper round the needle after a few hours have 
clapied; thia tMt is applicable to all or^nic 
is ouc of the most delicate in cheiiiistry.— G. 0. R. 
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{a) Salts of the protoxide. Treated by alkalies, 
they give a black precipitate of protoxide. 

{b) Salts rf the peroxide. These have a much 
greater affinity for acids than tbe preceding ; it is 
on this account that the protoxide of mercury is 
precipitated by the peroxide from most of its 
solutions. Their taste is very disagreeable. 
When treated with the alkalies, they decompose, 
and assume a citron colour; with the alkaline 
carbonates, they acquire a rust colour. The fer- 
rocyanuret of potassium does not precipitate 
them; a small quantity of sulphureted hydrogen 
first produces a white precipitate in solutions of 
these salts, or else a dark coloured precipitate, 
which soon passes to white, and is then only a 
protosalt; but on uicreasing the quantity of sul- 
phureted hydrogen, the protosalt passes to the 
state of black sulphuret. 

26. Salts of Silver. These are colourless, and 
have a very disagreeable metallic taste ; they give 
a white precipitate with hydrochloric acid, which 
the light changes to black, and which, wlieu' 
heated by the blow-pipe on charcoal, becomes 
reduced. All the preceding metals separate me- 
tallic silver from the solutions of these salts. 
They are all more or less soluble in ammonia. 
The protosalts of iron and the protosalts of tin 
also precipitate metallic silver. This reaction of 
the protosalts of iron is particularly remarkable; 
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for whOe these salts, at ordinary temperatnres, 
reduce the salts of silver, to pass to the state of 
persalts, metallic silver reduces the persalts of 
iron to protosalts at a boiling heat. It is for 
this reason that, on boiling silver in a solution 
of perojdde of iron, it is dissolved, and colours -j 
the liquor green; but on cooling, the silver pre""B 
cipitates in the metallic state, and the liquor 
by degrees reassumes its red colour. The 
solar light blackens most of the salts of silver; 
but they do not undergo any alteration in the 
dark. 

27. Salts of Palladium. These as yet are little*! 
known. Their colour is generally reddish brown, l 
similar to that of a strongly calcined solution of I 
platina. The alkalies and earths precipitate an f 
orange powder (which appears to be a basic salt), i 
and ammonia added in excess assumes a bluish' < 
green colour. All the preceding metals, except 
silver, precipitate palladium from tliem in the 
metallic state. The protochloruret of tin gives 
an emerald green colour to the solutions of palla- 
dium ; and added in greater quantity, it produces 

a dark orange deposit. The protosulphate of 
iron precipitates metallic palladium. Infiision of 
galls forms a green precipitate, but only when i 
ammonia is added to the solution. 

28. Salts of BJiodium. These salts are yet but j 
little known. 
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(a) Salts of the protoxide. They ar6 distin- 
guished by their dark colour, and by insolubility 
m. water. 

{b) Salts rfthe peroxide. These are obtained by 
dissolving the peroxide in the acids. The alksi-^ 
line carbonates, the chlorides of potassium and of 
sodium, and the ferrocyanuret of potassium, do 
not precipitate them. The protochloruret of tin 
gives them a darker colour, and after some time 
precipitates the peroxide; the precipitate redis- 
solves in the acids. All the preceeding metals, 
except palladium and silver, precipitate metallic 
rhodium from these solutions. 

29. Salts of Iridium. This metal appears to 
form red, blue, and colourless salts, according to 
its degrees of oxidation ; none of them have been 
well studied. The red salts are obtained by 
treating the combination of the blue oxide and of 
potassa (iridiate), with an acid, and boiling it witli 
a little nitric acid. The blue salts are prepared 
without nitric acid; and those which are colourless, 
by treating the red salts with sulphureted hydro- 
gen, sulphurous acid, infusion, of galls or even the 
ferrocyanuret of potassium. 

30. Salts of Platina. These salts are distin- 
guished by the property they possess of not being 
precipitated by the ferrocyanuret of potassium; 
and by that of the platina being precipitated by 
most of the metals, not excepting silver. 
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(fl) Sails of the protoxide. These are little 
known ; they are generally dark coloured, betweai 
Vtrowii and green ; the alkalies separate the black 
protoxide, which dissolves but slowly in acids j 
most of them transform it into peroxide, which dis- 
solves, and into metal, which remains, 

{b) Salts of the peroxide. ITiese have a red oS 
reddisli brown colour, which in solutions appear* 
orange. The chloruret (chloride) of potassium^ 
and the chloruret of ammonium (muriate of am* 
monia), form orange precipitates. They form 
double salts with most of the alkalies and earths 
which are undecomposable by an excess of alkali 
or earth. The protosalts of iron do not precipi- 
tate these salts, until a solution of mercury is 
added, and then the deposit is a combination of 
mercury and platina. The precipitates which the 
protochloruret of tin forms in these salts are red- 
dish brown ; those produced by the hydrosul- 
pbatcs are brown or black. 

SI. Salts of Gold. According to M. Pelletier, 
gold does not form oxygenated salts j it produce^ 
on tlie contrary, haloide and sulphosalts. ITie 
chlorurets are best known; they are generally 
easy to decompose ; the vegetable acids precipi- 
tate the metallic gold, and the acid is destroyed. 
The perchloride forms double salts with the 
chlorurets of potassium or sodium, and produces 
the cassius' purple with protochloruret of tin. 
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S^. Salts of Tellurium. The salts of tellurium 
are not well known* They are colourless, and 
have a disagreeable metallic taste. The alkalies 
form white precipitates, soluble in an excess of 
dkali. Sulphureted hydrogen precipitates them 
black ; the infusion of galls, yellow; antimony, tin^ 
sine, copper, and phosphorus, precipitate metallic 
tellurium from them. 

84. Salts of Antimony. These have a weak 
metallic taste, and become turbid when diluted 
with water ; the hydrosulphates form orange pre- 
cipitates. Iron and zinc precipitate metallic anti- 
mony; the ferrocyanuret of potassium does not 
precipitate them in concentrated solution. 

34. Salts of Molybdenum. Molybdenum forms 
three series of oxysalts, into which the protoxide^ 
the peroxide, and the molybdic acid enter as 
bases. 

{a) Salts of the protoxide. These are blade 
and purple, and generally offer the same vari- 
ations of colour as the salts of peroxide of man- 
ganese. Most of them have a green, brown, or 
black colour, which is possessed by the solution 
of the peroxide of manganese in cold hydrochloric 
acid, before the disengagement of chlorine has 
commenced. These salts, when dissolved, oxidize 
with less facility than the persaltS, and it is 
easier to evaporate their solutions than those of 
the last named. Sometimes they have a dark 
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purple colour, especially when there is an excess 
of acid present, perfectly analogous to that which 
the salts of manganese assume under certain cir- 
cumstances, (The alkahes and the alkaline carbon- 
ates precipitate the protoxide, which is insoluble 
in an excess of these substances; on the contrary, 
an excess of carbonate of anunonia redissolves 

it.) 

(b) Sails of Ike peroxide are red when they con- 
tain water of crystalhsation, and black in the an- 
hydrous state. Their solutions have an astrinr 
gent, slightly sour, and then a metallic taste. Thejt 
are coloured brownish yellow by the infusion of 
galls, and a light, brownish grey deposit forms. 
The ferrocyanuret of potassium precipitates them 
black, and the precipitate is insoluble in an excess 
of this substance. On dipping zinc into them, 
they become black, and finally yield a black de- 
posit of protoxide, containing zinc. The insoluble 
salts of tlie peroxide of molybdenum, when put 
into an alkaline solution, quickly disappear, as the 
oxide passes to the state of acid, which dissolves. 

(c) Sails having the moh/bdic acid for base. In 
the state in which molybdic acid is found when it 
deposits from its solution in nitric acid, it dissolves 
easily in other acids, altliough it does not possess 
this property after being calcined to redness or 
fused. These combinations can also be called 
double acids, for they act as such with the alki 
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lies ; but generally they so much resemble metdlic 
salts, that it would not be presumed that they had 
an acid for their base. 

35. Salts of Chromium, Chromium forms two 
oxides which are both salifiable bases; the salts of 
the protoxide alone have been examined. They 
are green and have a sweet astringent taste. The 
alkalies precipitate them of a greenish grey colour, 
which becomes a beautiful green by calcination ; 
the ferrocyanuret of potassium precipitates them 
green ; the infusion of nut-galls of a brown colour. 



THE END. 
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